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11 MIPS of compute power 
thanks to a 40 MHz GBECOBO 
and aU Miz 66302. 
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Up to 32 Mbytes DRAM (32- -bit/O 5 WS). ~~ 
Two. RS232/422/485 serial and fieldbus: ports 
CXC interface to a vast selection of mezzanines | 
and MODPACKS A Only 5:5 watts | 

Board support packages for all popular real- time 
kernels Tri- series batlery: Haas, SRAM © 


VM30 to keep your market window 





FLASH EPROM, it's like a VMEbus life 
insurance policy. You can change operating 
-. systems and. application code in the field. 


' Upgrade modem-equipped remote locations ~ 


in a flash! Or load code from diskette, 
~ What's more, we've boosted the VM30's 
‘speed with a 40MHz 68EC030 and 20MHz 


68302 Intelligent Multiprotocol Processor. 


Running a fieldbus like PROFIBUS? Data 
transfers are now 25% faster for improved 
real-time performance. 
Like all PEP VMEbus CPUs, the VM30 fits 
in the ia of 7 ron hand ee x 160mm). 


MU 


MC68ECO30RP40B 


EP has erica. our ‘dual: processor 


-open..much longer. Thanks to 5V ae 








VM30 


1 MByte of bY FLASH 
EPROMs enable swift 
code changes 
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_ Single-height VME from PEP is right sized 
_ for today, tommorrow and beyond. Call us 
~ toll-free at 1-800-228-1737. 


Modular Computers® 
PEP Modular Computers, Inc. 
750 Holiday Drive, Building 9 
PITTSBURGH, PA 15220-2783 
Phone: 412-921-3322 
Fax: 412-921-3356 
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Inside the world of communications, 
youll find the power of HP components. 





The global communica- 
tions revolution isn’t 
coming. It’s here. And at 
its core you'll find the 
superior performance of 
HP’s wireless and opto- 
electronic components. 


HP focuses 
on helping 
designers 
meet the 
communica- 
tions chal- 
lenge with 
advanced component solutions 
that break through today’s speed, 
size, and power constraints. 





One name. A world 
of choices. 


Smaller market windows demand 
a faster, streamlined design 


CG08303A 








process. HP is a one-stop-shop, 
offering an unparalleled collec- 
tion of advanced components 
and integrated subsystems. 
Without any competitive threat 
to your design. 


To keep your designs competi- 
tive, HP has taken a lead role in 
exploring new technologies, 
including such advanced materi- 
als as high-speed Si, GaAs, 
AlGaAs, AlInGaP, and InP. 


Setting the world’s 
highest standards. 


Strategic partnerships put HP in 
a unique position to anticipate 
the trends driving your designs. 
Our fiber-optic solutions meet 
worldwide standards for data 
communications, while RF 
designers look to HP for every- 
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thing from simple diodes to our 
advanced Receiver-On-A-Chip 
(ROC) technology. Work with us, 
and together we'll determine 
tomorrow's standards. 


HP underscores its leadership 
with a commitment to ISO 9000 
quality standards and responsive 
worldwide support. Inside the 
world of communications, you'll 
find we can be a powerful help. 


HP components. 
Opening the world. 


Kin} HEWLETT® 

3 PACKARD 

For information about HP components 
products and services, call 1(800) 537-7715, 


x7896. In Canada, call 1(800) 387-3867, 
x7896. In Europe, fax to 31 2503 52977. 














__ Nanoseconds Alc 
How AMD Has Impro 


__ The New MACH’ Family Gives You 7.5ns Speeds, 
Plus The Design Tools You Need To Get To Market Faster. 


You can never be too fast. gate MACH 210A-7 clocks-in at 7.5ns, while 


Or too well equipped, for that matter our 3600-gate MACH 230-10 reaches 10ns. 
And the new MACH CPLDs give you both: Now that’s fast. 


The speed you need for the critical path And you'll bring your product to market 
— up to 75ns. Plus a whole new set of in record time with AMD's new software 


design too S you | need along the way. The new MACH faniiy members feature offerings. Now you can get your favorite 
There’s nothing faster than the new speeds up to 7.5ns, while our new design tools —including MicroSim, Data 


software tools include schematic design entry 


~ members of our MACH family.Our 1800- ~~" and timing simulation capabilites I/O” and Viewlogic’— directly from AMD? 








One AMD Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1994 Advanced Micro Devices, Inc. FusionPLD is a service mark and MACH, AMD, and the AMD logo are registered trademarks of Advanced Micro Devices, Inc. Other product or brand names mentioned are property of their respective holders. 





ne Can't Measure 
ved The MACH Family 


You get the right tools, right away. 

If you need additional design support, you can 
always rely on our FusionPLD™partners, a team of 
vendors ready and waiting to give you the support 
you need when speed is of the essence. 

What's more, AMD delivers both JTAG testing and 
5-Volt in-circuit programming. So you have the flex- 
ibility to test, program, and reconfigure your designs 
right on the board. And both capabilities are an 
integral part of our free in-circuit programming kit. 

So contact your local AMD sales office listed 


For more information on the MACH family, contact your local AMD sales office or sales representative. International Sales Offices: Antwerpen ( 


below for more information on the entire high-speed 
MACH family, design tools, and our free 5-Volt in- 

circuit programming kit. Because with AMD behind 
you, you'll finish faster every time. 4 










Ask for our free 
programming 


kit 19Q). 






’ 





® 


Advanced Micro Devices 





03) 248 43 00; Frankfurt area (06172) 9267-0; Hong Kong 86 54 525; London area (0483) 740 440; Manchester area (0925) 830 380; Milano (02) 339 05 41; 


Miinchen (089) 45053-0; Osaka (06) 243 32 50; Paris (1) 49 75 10 10; Seoul (02) 784 0030; Singapore (65) 348 11 88; Stockholm (08) 98 61 80; Taipei (02) 715 35 36; Tokyo (03) 334 67 550. 








> Actual Size 








VNA Amplifiers +17.5dBm, 05t025GHz .229... 


Very New Amoplifiers...at a very affordable 
price, from Mini-Circuits! Yes, VNA-25 RF amplifiers are very 
small, yet incredibly powerful (+17.5dBm typ. output at 1dB 
compression). The SOIC-8 pin surface mount units operate 
directly from a +3V to +5V single DC supply with 18dB typ. 
gain and cover the popular 0.50-2.50GHz wireless band. 
These units are very easy to use because all capacitors are = 
internal and RF/DC connections are separate, eliminating the 
need for both external coupling capacitors and an RF choke. You can buy these very 
new amplifiers for the low price of just $2.95 e€a., qty.1000. Development aty.10, only 
$4.95ea.! So, call Mini-Circuits today for immediate off-the-shelf availability and 
guaranteed 1 week shipment. 


Mini-Circuits...we’re redefining what VALUE is all about! 





Freq.(GHz) 0-8. 81.0: 4:0-2:0.. 2G2.5 


Gain (dB) typ. 14.0... 7.0 18.0 16.0 
Max. Output (dBm) 

@1dB Comp. typ. +18.0 +185 417.5 +17.0 
|P 3rd Order 

(dBm) typ. +27 +27 +27 +27 

VSWR Output typ. 1.5:1. 1.7:1. 1.7: T.5at 

VSWR Input typ. 6.4:1 2.8:1  2.0:1 1.4:1 


DC Power.: +5.0V for specified performance. 
Current,(mA): 85typ., 105 max. 

Thermal Resistance. Junction-to-case: 125° C/W 
Price ($) ea. : 2.95 (aty. 1000), 4.95 (qty. 10). 


eAll specs at 25°C (case temp. 35°). 

eAvailable in Tape and Reel. 

eMTTF at 150°C max. junction temp.: 3 x10" hrs.typ. 
“Case” is defined as mounting surface of leads. 


ee Bee Ee P| ® 
Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 


For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY ¢ EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. 
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HOST CPU’S IC MANAGES POWER FOR PCMCIA CARDS... 47 
PCMCIA card slots get power-management IC that sets separate supply-rail 
voltages and limits current for two cards. 


DMOSFETS SWITCH MILLIWATTS TO MEGAWATTS... 57 


Vertical FETs dominate low-voltage power-transistor switches. At high 
voltages, the IGBT is becoming the choice. 


()PTIMIZE MICROPROCESSOR SUPERVISORY CIRCUITS .. . 67 


Here’s some tips for designing reliable circuitry for Vee monitoring, battery 
backup, and watchdog functions. 


GAAS ARRAYS COMBINE DCFL AND SCFL... 131 


Dual-logic gate arrays focus on high-speed data-communications networks 
and instrumentation. 


DSP-BASED PCMCIA DISK DRIVE PACKS 171 MBYTES . .. 135 


A customizable 16-bit DSP core serves both as a high-accuracy servo 
controller and general-purpose MCU. 
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Ten years in PCB design has taught me 


what it takes to get the job done. 
You need tools that work as hard as you do. 


“(im (-' sip better PCBs 
Ti less time with TangoPRO’ 


Jeff Imes, Engineering Support Group Leader, Optelecom, Inc. 


Optelecom is a leader in fiber optic telecommunications. In a tough, competitive 


market, their products excel in performance, reliability and functionality. For 








Free Eval state-of-the-art analog and digital technology, and the productivity to meet the WINDOWS. 
Package 
Test drive TanooPRO most demanding schedules, TangoPRO delivers. 
with our full-function = “.. all the features we need for dense, high-speed designs.” EASE. “Its 


valuati yn package. i, 2 ee 
calt Mer Windows interface and intuitive structure made it fast to pick up and understand.” 


800 488-0680 





= “We shopped around. TangoPRO costs less than the maintenance fees on 





“ACCEL is 


& 


some systems. It paid for itself on the first few designs.” 
committed to the customer and the product. Their tech support is great and they've 
implemented many of our suggestions.” 
TangoPRO for Windows is becoming the popular choice for PCB designers and electronic 
engineers alike. Schematic entry, board layout, high-performance autorouting, CAM output. 
TangoPRO is the complete solution. 
Workstation-class power. Windows ease. Priced for exceptional value. Friendly support. 
Call today for free evaluation software, or to set up an on-site demonstration. 
Invest in TangoPRO. 


“...itmakes good sense.” 


Options Library Utis 





ACCEL Technologies, In« 
800 488-0680 Sales 
4 s 619 554-1000 Service 


re] ‘sin le Select, <Shift><Let> for multiple, of drag for block select. 
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Vacuum tube electrometer has high 
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DSP: The key to multimedia 
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width 


e Cellular-standard problems are 
found 


e Taligent: A new environemnt 


e Windows users group serves EDA 
community 


e EDA vendor receives CFI certifica- 
tion 
e EDIF PCB standard will debut this 
fall 


e Computer-aided design promotes 
recycling 

e Flywheel batteries to fix electrical 
surges 


TECHNOLOGY ADVANCES .. . 32 

e Precision IC-lithography measure- 
ment scheme trims errors to less 
than 10 nm 


e Gas-phase auto sensors allow real- 
time monitoring and analysis 


e Power-semiconductor package dis- 
places TO-247 and dissipates 4 W 


e Innovative “ThunderLAN” tech- 
nology may end high-speed Ethernet 
standards war 


e Compression technique increases 
CD-ROM storage 


e Specification proposed to put PCI 
on passive backplanes 
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_ 1968 First Place Award 

_ 1972 Certificate of Merit 
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1980 Certificate of Merit 
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e Special report on disk-controller in- 
tegrated circuits 
e Roundup of what’s happening at 
Wescon this year 


e Tips and techniques to help new- 
comers to VHDL 


e First look at a 16-bit controller chip 
based on an 8-bit industry standard 


e New architecture takes gate ar- 
rays to the next generation 


e PLUS: 

Pease Porridge 
Ideas for Design 
QuickLook 


Permission is granted to users registered with 
the Copyright Clearance Center Ine. (CCC) to pho- 
tocopy any article, with the exception of those for 
which separate copynent gyneraiip is indicated 
on the first page of the article, provided that a base 
fee of $2 per copy of the ee $1.00 per page 
is paid directly to the CCC, Rosewood Drive, 
Danvers, MA 01928 (Code No. 0013-4872/94 $1.00 
+ .50). (Can. GST #R126431964). Canada Post In- 
ternational Publications Mail (Canadian Distribu- 
tion Sales Agreement Number 344117). Copying 
done for other than personal or internal reference 
use without the express permission of Penton Pub- 
lishing, Inc. is prohibited. Requests for special per- 
pe rag or bulk orders should be addressed to the 
editor. 
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PLD & FPGA 
DESIGN TOOL 


DEVICE & BOARD LEVEL 


VENDOR APPROVED 


INTEGRATED 
WINDOWS™ 
DESIGN MANAGER 
SCHEMATIC & 
SIMULATOR 


CALL NOW! 
1-800-48-SUSIE 


FREE DEMO & TUTORIAL 





SUSIE-CAD, Inc. 
1000 Nevada 38 #201, Boulder City, NV 89005 
Phone: (702) 293- 2271 Fax: (7022931011 


SUSIE-CAD is a trademark of ALDEC, Inc. 
Windows is a trademark of Microsoft Corporation. 





Vacuum Tube Electrometer Has High Input Impedance 

The Model 210 is a line-operated d-c vacuum tube voltmeter with an ex- 
tremely high input impedance. Basic specifications include an input greater 
than 1014 ohms, grid current below 10-18 amp, 
and drift within 10 mV per hr. Five voltage 
ranges are provided: zero to 0.8V, 2V, 8V, 20V, 
and 80V, respectively, in either polarity. The 
electrometer has output terminals for driving 
balanced or unbalanced recorders, oscillo- 
scopes, and galvanometers. The output am- 
plifier drives the Esterline-Angus 0-1 mil- 
liampere recorder directly, or delivers 10V 
out on each range for full-scale input. Fre- 
quency response of the output amplifier is 
0-5000cy, making the Model 210 useful as a 
ultrahigh-input-impedance d-c preamplifier. 
The unit can be used not only as a d-e voltme- 
ter, but as an extremely sensitive micromi- 
croammeter, megohmmeter, and kilovoltme- 
ter. Maximum full-scale sensitivities are 8 x 
10-18 amp, 3 x 1014 ohms, and 20,000V. Keith- 
ley Instruments, 3868 Carnegie Ave., Cleve- 
land 15, Ohio.(Electronic Design, September 1954, p. 48.) 

This 1s the instrument that put Keithley Instruments “on the map,” accord- 
ing to company founder Joe Keithley. The company’s first product was a 
battery-operated electrometer that, says Keithley, “sold enough to keep us 
encouraged.” However, Keithley found that customers wanted two additional 
features: a recorder output and ac-line operation, which were included in the 
Model 210. Today, the company, which has grown to nearly $100 million in 
annual sales, has just introduced its latest electrometer—the 6-1/2-digit, 
autoranging model 6517.—SS 











TV of the Future 

The television receiver of 1964 is envisioned as having a picture screen so 
thin that the complete unit could be hung on the living room wall like a painting. 
The circuitry would be built into the picture frame and would use printed wiring 
and miniaturized components. Controls would be located in a small box beside 
the viewer's chair. As explained by Dr. Lloyd T. DeVore, manager of the General 
Electric Company’s Electronics Laboratory, the “picture on the wall” concept 
stems from a complex project to speed the plotting of aircraft in military filter 
centers. Development of speedier switching techniques and new fast-reacting 
phosphors are needed.(Electronic Design, September 1954, p. 5.) 

Some things don’t change: In 1954, the wall-TV was 10 years away. As each 
decade passed, it still was 10 years away. Anyone for 2004?—SS 


TV-Phone Intercom 

A telephone user can see the person with whom he is speaking by using the 
newly developed TV-Telephone Intercom System. When the person making the 
call lifts his handset, his image appears on one-half of the 17” TV screen. As 
soon as the called person answers, his image appears on the other half of the 
screen. Kalbfell Laboratories, Inc., San Diego, Calif., developers of the system, 
envisage a number of applications. Personnel identification and personnel 
interviews, inter-plant and inter-city conferences can be conducted by TV at 
considerable savings in time and money. When the telephone is not being used, 
the TV monitor can display regular broadcasts. The system features a vidicon 
pick-up tube with circuitry similar to this firm’s standard TV camera, which has 
an 8Mc bandwidth and a horizontal resolution about twice that of standard TV 
receivers.(Hlectronic Design, September 1954, p. 10.) 

Another great idea that’s still on its way.—SS 
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The photo receiver module 
that defies interference. 


Get your signal through, Miniature receivers with 
even in the most chaotic maximum immunity. 


ambient and electrical With no external components, the 


Ee onment. TFMS/TEMT 5XX0 photo module 
from Telefunken Semicon- 
TEMS/TEMT SENSITIVITY ductors guarantees higher 
immunity against daylight, 
incandescent lamps, 
fluorescent lamps, and 
uncontrolled output pulses. 


Outstanding sensitivity. 


Threshold Irradiance 





: Combine this protection 
6 04 08 12 16 20 with high sensitivity 
Field Strength of Disturbance, f = f, over a 120-foot transmitting 
range, carrier frequency 
selection within a 30- to 56-kKHz 
range, and direct microprocessor 
compatibility. Now you have the 








most compact, reliable front-end 
solution available today. Perfect 
for advanced entertainment 
products and “smart homes” 
systems with C-Bus networking 
spines. 


For a design kit including a data 
sheet, application note, and TFMS 
sample, call Telefunken Semicon- 
ductors, the experts in IR-based 
wireless communications at 
1-800-554-5565, ext. 535. 


TEMIC 


TELEFUNKEN Semiconductors 


2201 Laurelwood Road, Santa Clara, CA 95054, Fax: 408-970-3995. TEMIC is a company of AEG Daimler-Benz Industrie. 
Members of the TEMIC Semiconductor Division: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor 








Power Macintosh is a trademark of Apple Computer, Inc. IBM is a registered trademark and PowerPC, the PowerPC logo, PowerPC 601, PowerPC 603, PowerPC 604 
PowerPC 620, RISC System/6000 and IBM Microelectronics are trademarks of the International Business Machines Corporation. © 1994 IBM Corp. 








At a certain point, 


everyone understands the benefits 


of RISC over CISC. 


In the debate over which microprocessor tech- 
nology is best for today’s emerging computing 
needs, there’s one point on which everyone 
can agree. 

It’s the one in the middle of the chart to 
your left. And what it illustrates is that, over 
time, microprocessors 
powered by RISC technol- 
ogy will outperform those 
driven by 15-year-old CISC 


architecture. 


Update 
<i 
In July, we shipped 
our one millionth 


i That’s vital news for every- 


Microprocessor, 
after just ten 
months of 
production. 


one who makes or uses 
personal computers. Because 
the fact is, it takes the extra- 
ordinary processing power of 
RISC chips like our PowerPC family to drive 


today’s and tomorrow's leading-edge computers 





and software. Which makes possible such inno- 
vative applications as realtime voice dictation, 
wireless networks, voice and handwriting recog- 
nition, and full-screen, full-motion multimedia, 
to name a few. 

Some of these startling capabilities are 
already at work in advanced PCs and work- 
stations. wo acclaimed examples are [BM’s 
RISC System/ 6000. workstation and Apple’s 
Power Macintosh series, both powered by our 
PowerPC 601. Smaller, faster and less expen- 
sive to produce than non-RISC chips, the 601 
makes it possible for these systems to run faster 
than CISC-based models, yet cost roughly the 


Same. 


PowerPC 
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Of course, all these advantages are hardly 
accidental. The fact is, because RISC (Reduced 
Instruction Set Computing) processors carry 
only the most frequently used instructions, they 
offer streamlined performance levels that CISC 
(Complex Instruction Set Computing) chips 
simply can’t match. Specifically, the simpler 
instructions implemented in RISC processors 
are typically executed in one system clock cycle, 
while CISC instructions often take five or even 
fifty system clock cycles to execute. The result 
is that the average number of system clock cycles 
per instruction in RISC typically eliminates 
advantages touted by CISC manufacturers. 

And the best is yet to come. Since RISC- 
based PowerPC chips are built with IBM 
superscalar technology, we 
can all look forward to even 
greater performance benefits 
down the road. Right this 
minute, in fact, systems 
from palmtops to high-end 
workstations are under 
development utilizing [BM’s 
PowerPC 603, PowerPC 
604° and PowerPC 620. 


‘To learn how IBM PowerPC microproces- 





sors can work for you, call [BM Microelectronics 
Division at 1-800-PowerPC, ext. 1430 (OEMs), 
ext. 1440 (programmers) and ext. 1450 (end 
users). 

Once you know the facts about PowerPC, 


choosing anything less will seem pointless. 
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Move into the third dimension, with 


injection-moulding from BASF. 





BASF provides chemical solu- . 
tions for electronic problems. 


Electronics production has 
reached new heights. The shap- 
ing of printed circuit boards has 
been transformed, and the inte- 
gration of plug connectors and 
mountings facilitated, thanks 

to BASF’s special injection 
moulding process. 


The most exacting demands are 
met by BASF’s specialised pla- 
stics Ultrason® and Ultrapek®- 
plastics not only resistant to par- 
ticularly high temperatures and 
flame-retardant, but also recycla- 
ble and thus more eco-friendly, 
even without additives. 


Conventional circuit boards too 
benefit from BASF expertise: 


custom-designed adhesives 
ensure extremely solid bonding 
of the copper foils. 


In fact, BASF chemicals and pro- 
ducts play so many roles in elec- 
tronics production, A protective 
role, to take just one example: 
ceramic casings, coating resins, 
insulating powders and lacquers, 
and so on. 
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BASF - comprehensive 
commitment to the electro- 
technical industry. 

Our link-up with the electrotech- 
nical industry doesn’t stop at 
circuit boards, or even at general 
electronics. We apply our tailor- 
made solutions to a variety of 
other sectors — communication 
and lighting technologies, 
modern domestic appliances, 
professional electrical tools. .. 
To all our projects we bring a 
blend of creative know-how, 
prompt service worldwide, and 
unequalled product-range. 


To learn more about our com- 
prehensive commitment to 
the electrotechnical industry 
in general, and to find out how 
we might help you in particu- 
lar, please contact: 


BASF Aktiengesellschaft 
ZOA/KB - C 100 

67056 Ludwigshafen 
Germany 


BASF 











LCD Proto Kit 


Everything you need to 
start your LCD application 
.... create complex screens 
in just a few hours! 


240 x 64 Kit provides 
pixel serial inter- 
Supertwist face to IBM 
LCD PC for quick 
mounts prototyping. 
directly “S Board also 
onto Me supports 
CYBO003 da displays up 
proto- ee to 240 x 128 
typin ~ pixels. 
board. < 
Interface to 
6 soft keys or 
4x 4 key matrix. 


Dial 0-25k 
ohms for LCD 
contrast. 


Wirewrap Controller 
area for provides 
custom, ~< parallel or 
circuitry serial high- 
level control 

of Instrument- 

size LCDs. Up 

to 256 built-in 

windows support 

window-relative 

text, bargraphs, 

waveforms, and 

plots. Text and 


graphics are main- 


tained in separate 

planes, facilitating 

special effects. 

RJ 11 . Complete User 
serial jack for Manual included. 


RxD, TxD, 

CTS, and 5 Pin Alternate Add your own 8051 

GND, plus Power Power CPU for stand 
alone operation. 


2 spares. DIN. Connector. 





Kit also includes: 


Power supPyy provides + 5v and Gnd for 
board, -12v for LCD, 
and + 12v spare. Sample routines in 

8051 Assembler 


and QuickBasic. 


LCD Paint™ for 
creating your own 
graphics 

images. 


4-wire 

RJ11 style 
cable with 
DB25F 
connector 

for your IBM PC. 


$495 - Kit 
Popular LCD Starter Kit. 


Demo routines 
preprogrammed 
into 8751 for 
immediate 
gratification. 





Ss hy RREREO REO R ORS: sine fans 
($595 pre-assembled & tested) 
*The CY325 CMOS 40-pin DIP and 44-pin 


PLCC LCD Controller IC are available 
from stock @ $75/singles, $20/1000s . 


CyberneticMicroSystems 


Box 3000 @ San Gregorio CA 94074 
Tel: 415-726-3000 @ Fax: 415-726-3003 
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EDITORIAL 


FLAT-PANEL DISPLAYS 


f all the technologies deemed crucial to a nation’s ability to compete 
in the fields of computers and communications, flat-panel displays 
present the most intriguing dilemma. On one hand, Japanese com- 
panies are so far ahead in their ability to manufacture active-matrix, 
liquid-crystal-diode displays (AMLCDs) that it seems foolish to do anything 
but partner with one of them, just as IBM has done with Toshiba Corp. A good 
corporate move, no doubt about it. 

On the other hand, flat-panel technology is, in my view, a technology yearning 
to be reinvented. In a decade or so, a company that succeeds might well occupy 
the same dominant position that the Sharp Corp. now does with AMLCDs. The 
performance of AMLCDs fabricated on amorphous silicon has just about 
reached its limits. However, field-emissive displays (F EDs) demonstrate great 
promise for much better resolution and brightness. Other technologies hold 
hope as well. 

The problem with most alternatives is that an infrastructure must be created. 
FEDs, to cite one example, are based on cold-cathode devices that will not work 
with the phosphors developed for hot-cathode devices such as CRTS. So a whole 
new breed of phosphors have to be researched and developed in order to create 
realistic color. 

This type of research is clearly an area in which government support can be 
helpful. That is, research that can take many paths, of which only a few are 
likely to work out. 

I’m not surprised that the U.S. Department of Defense’s recently announced 
decision to pump roughly a half billion dollars into flat-panel research drew 
some sharp criticism. I really thought the U.S. was firmly on the “dual-use 
technology” road and put to rest the red herrings like: “Pretty soon, we'll have 
a full-blown industrial policy,” and, “We don’t want the government to pick 
winners and losers.” 

Any nation that doesn’t invest in flat-panel technology is going to be a loser 
in the international balance of trade. The most persuasive argument that I know 
for putting federal dollars into developing alternative flat-panel-display tech- 
nology is the next level of integration. It’s becoming possible to fabricate fairly 
complex chips on the periphery of the panel. And there’s a real possibility that 
sometime in the future the display will be the computer. 
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TRANSFORMERS 


Over 80 off-the-shelf models... 
7 from $7499 









Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specified frequency 
range?....Mini-Circuits offers a solution. 

Choose impedance ratios from 1:1 to 36:1 
connector, TO-, flatpack, surface-mount, or pin 
versions (plastic or metal case built to meet 
MIL-T-21038 and MIL-T-55631 requirements’). 
Coaxial connector models are offered with 50 and 75 
ohm impedance; BNC standard, other types on request. 

Ultra-wideband response achieves low droop and fas 
risetime for pulse applications. Ratings up to 1000M ohms 
insulation resistance and up to 1000V dielectric voltage. For 
wide dynamic range applications involving up to 100mA 
primary current, use the T-H series. Fully detailed data version style X 
appear in our 740-pg RF/IF Designer's Handbook. 

Need units in a hurry?...all models are covered by our 
exclusive one-week shipment guarantee. 
Only from Mini-Circuits. 


*units are not QPL listed. 






T, TH, 
bent lead’ 
style KK81 


t 1, TAA 





Mini-Circuits 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 


For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. E74 RevE 
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TESTER TAKES AIM AT MULTICHIP MODULES 






THE SYSTEM COMBINES THE PERFORMANCE OF ANIC TESTER 
WITH THE FUNCTIONALITY OF A BOARD TESTER. 






JOHN NOVELLINO 
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(HE HP: MEMIS AVAILABLE with 50-100- and 206-Mrtz vac’ 
Channels and festires an edge-piecement accuracy of +7250 ps. 


One click of the mouse takes you to 
the articles, the photo’s, the 
schematics, the charts -2t’s all there! 


Five complete years of Electronic = 7 : 
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CD- ROM, besdiced by he pte. of ous the information on this disk instantly 
THIS Electronic Design Magazine, contains five com- | accessible through hypertext links. Links made directly through 
I plete volumes - that’s 124 past issues of Electronic Design _| each topic (article) to pictures, illustrations, schematics, full glos- 
| Magazine. Presented i in 16-color VGA, it’s packed with more | saries, product demos, and contact names, ; plus past and subse- 
than 4,000. 0 photos and graphics. All the articles, features, prod- | quent related topics. 
i uct reviews, product updates (even product demos!), editorials, Specific topics are quickly losited’ ‘using he powerful search 
I) letters are included - everything electronics industry professionals | features provided, Using a key-word or key word — you get 
HM expect from Electronic Design. a list of all related topics-zmstantly. 
All of the information in this CD is made instantly accessible Instant comprehensive i one Thats what this aes is all 
through a powerful ee see called . about. | 
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Powerful, hypertext-based commands let 
ou quickly and efficiently find, re-find, 
nk, make notations, leave bookmarks, 
xport, print, search, get product demos, 
nd even return to your operating system! 


xternal - Life beyonti this disk — 


Gen. info - Complete reference 
Contacts - Company names, addresses, 
| contact names, phone numbers- all of the 
information you need to follow up. 







Glossary - Full article glossaries, pro- 
vided by the Editors of Electronic 














= Speer Foam The Export button | Design magazine. The CD also comes 
te will export any or all | with WORD LINK, which allows you 
— of an article based on | to click on any word within the article and 
your selection. if it’s in the glossary, the definition pops 
DOS & Win. up. When youre done, a simple click and 
DOS brings you to | ‘tS SRS: 


the DOS prompt 
creen cand Win rakes you into Windows™ 
vithout quitting the application. These 
ruttons make it easy for you to return to 
‘lectronic Design Magazine, where you left 
ff, without re-launching, 


rinter Commands 


Setup & Print - This feature allows 
ou to print articles, editorials, glos- 

aries, illustrations, and even photos (if 
our printer is capable) directly from this 
=D. Great source for reference. 


s00kmarks and Notes 
BkMrk - Bookmarks flag topics for future 
eference, just like using a bookmark ina etree Bn 
[Add Woned Booknark | real magazine, Mark | Soests:comtents 
a spot, and the book- 
Name The Bookmark 


Navigation Aids Functions 
; z 930513 : CONTENTS 
mark is stored even if | See 
s ELECTRONIC DESIGN: 1989-1993 
TRANSPUTERS iam yOu quit. 


Be] GOTO brings you 


back to your book- 
narks. Deleting them is just as simple. 


Navigation Aids - Magellan you're not, 
and you don't need to be! 


All the aids youll need to motor your way 
through this CD in no time flat. 


CLR - Clear Back Links - Because every 
article you move to loads into RAM, this 
function allows you to clear articles you've 
finished. This frees up RAM for you to 
continue. 

TOC - Table of Contents - Yakes you 
directly to the Volume Table of Contents 
(the whole year) with special links provided 
to Issue [.O.C. 


History Function 
Topic Name 
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REL - Show-Related Articles - Calls up a 
list of, and lets you move to, related topics. 
HST - Show-Related History - Shows 
each topic visited during your current ses- 

sion and how long you were there, and 
| then lets you return to previous topics. 


MINIMUM SY: 


> 1386 PC or better 


Notes - Add and find your own notations. 
Notes stay until you delete them, even after 
you quit. 


Reader's Notes Annotation 





looks like the Transputer will be the 

next hot chip. We should get our best 
design team working on a Transputer 

based project as soon as possible.> 


el resolution 16 colors. 
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SEARCH dialog boxes 


Simple search (top), Complex Search (center), 
and Search occurances found (bottom). 
Hyper indexer Boolean ocarcn 
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SRH - Search - Conduct simple, complex 
or proximity indexed searches. 

SDX - Subject Index - A hierarchical list 
of key subject areas compiled by the Editors 
of Electronic Design. The index also allows 


direct access to related topics. 


HELP - Instant on-line help for all 


Written in plain, easy to understand terms 
providing information for novice and pro 
alike. Available in any user screen. 
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c ST TECHNOLOGY BRIEFING 
CMOS |itancrn cae 


FLASH Al Bs essing has become a mainstay in every designer’s multimedia toolkit 


and is invading virtually every product category. Advances in proc- 
essing technology have managed to shrink the basic DSP function 
Willer ge Wisy8's"e) a .<cy @relal wie) IVs into a block on more complex chips. 
(ob |ay-\ ee) ler life)an mya The latest generations of computers and consumer-entertainment products 
with the Industry’s Fastest owe many of their features to digital signal processing. The newer multimedia 
OVO St SEC ae VIBE @ela aac and video conferencing offerings, for example, have their roots in DSP chips or 
blocks that execute a variety of image compression/decompression algorithms. 
Multimedia audio and modems use programmable digital signal processors to 
provide flexible functionality and potential upgrade paths just by enhancing 
the control software. 

DSP performance offers a wide range of options. At the low end, 16-bit chips 
or cells deliver throughputs of 20 million operations per second (MOPS), while 
high-end chips like the multimedia video processor de- 
veloped by Texas Instruments Inc., Dallas, deliver over 
2 GOPS thanks to on-chip parallel processing. 

Reprogrammable DSP architectures deliver “func- 
tionality on demand” that results in multifunctional sub- 
systems—cards that serve as a data modem, fax modem, 
phone answering system, and music playback-and-cap- 
ture systems. Users need only download a different 
program. Simple 16-bit processors can readily handle 
what the industry now calls business audio, while high- 
end DSP chips will be able to perform real-time video ss. 
compression/decompression. DAVE BURSKY 

Although DSP functionality has become a near neces- SEMICONDUCTORS 
sity in many systems, it’s the software controlling the 
digital signal processors that truly adds value. Algorithms and control pro- 
grams that can incorporate the desired functions are essential to a system’s 
FEATURES features. However, to make the algorithms useful, there must be a broad base 

e 6-Bit Resolution of applications and enough commonality across platforms to satisfy the needs 
: ; of many users. 

* +9V Supply Operation Standards organizations are working on baseline compatibility standards for 
¢ 1/H Not Required JPEG, MPEG, video conferencing, and other applications. The computer indus- 
7B) |e claie| s\@)(@) m-lelcclellare try also is proposing “standards” such as the Windows sound system. In fact, 
: it’s being promoted by Microsoft Corp., Redmond, Wash., as the de facto 
[ Commercial, Industrial baseline for multimedia audio. The Windows sound system includes compres- 
and Military Models sion/decompression algorithms developed by the DSP Group Ince., Santa Clara, 
Call or FAX for FREE Samples Calif., for its Pine DSP engine. Pine was created for telephone answering 
or Product and Applications systems. Its Truespeech algorithms compress and decompress speech very 
Naietaritea ice Ola eles efficiently, which saves disk space. In addition, the small size of the Pine 
mca) Av B) Orel -1a(c\esy processor core will allow designers to easily add hardware into more complex 
chips without creating expensive, large chips. 

The alliance between the DSP Group and Microsoft has spread. Additional 
nsal algorithm licenses are locked in with companies that have either licensed the 
Witezen Nai eine ‘es DSP core, or plan to migrate the algorithms to their own DSP chip. Partners 
IS clp Sierclees include Motorola Inc., Austin, Texas, and Silicon Systems Ince., Irvine, Calif., 
mace elalige both of which have their own DSP engines; Integrated Computer Systems, 

LS/ISO SOOT/EN 29001 Valley Forge, Pa., which will incorporate the Pine core into its audio circuits; 
LI] MICRO be Spee roa pee Houston, Texas, which intends to embed the 
ae NETWORKS Although this kind of standard making is akin to a giant’s cudgel, it does foster 
324 Clark Street a level of compatibility and will provide a wide range of application interchange. 
Worcester, MA 01606 For multimedia applications, that’s just the remedy needed to assure users that 
bis) ori eae Sek lications in this immature market will at least be able to transfer files and 
Fax (508) 853-8296 applications in st be able to transfer files an 

use each other’s information. 
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J PC/XT/AT Bus = Signal Conditioning 


All the Right Answers for Your PC Data Acquisition Systems 


Plug-In Boards 

Our data acquisition (DAQ) solutions feature products 
for PC/XT/AT, EISA, PS/2, PCMCIA, and parallel port. 
Innovations include an instrumentation amplifier that 
settles so fast that accuracy is maintained at all gains 
and sampling rates, antialiasing filters that cut off at 
the rate of 90 dB in one-sixth octave, and integrated 
multiboard synchronization with our RTSI® bus. 


Signal Conditioning 

The National Instruments SCXI system is a high- 
performance, multichannel signal conditioning and 
signal routing front-end system. 


Driver Software 
Our NI-DAQ?® driver software for DOS, 






@7 NATIONAL 
INSTRUMENTS: 


The Software ts the Instrument® 


Windows, and Windows NT, which is shipped with all 
our PC DAQ boards, is like a DAQ operating system, 
with routines for most programming languages, 
including Visual Basic custom controls. 


Graphical User Interfaces 

We pioneered the use of graphical user interfaces for 
instrumentation software and remain the leader in 
this technology with our LabVIEW® and LabWindows® 
application software products. 


Call for your 
FREE DAQ Designer 


(800) 433-3488 
(U.S. and Canada) 





6504 Bridge Point Parkway e Austin, TX 78730-5039 USA e Tel: (512) 794-0100 e 95 (800) 010 0793 (Mexico) ¢ Fax: (512) 794-8411 


Branch Offices: Australia 03 879 9422 « Austria 0662 435986 © Belgium 02 757 00 20 * Canada 519 622 9310 * Denmark 45 76 26 00 « Finland 90 527 2321 ¢ France 1 48 14 24 24 * Germany 089 7413130 
Italy 02 48301892 « Japan 03 3788 1921 ¢ Netherlands 03480 33466 * Norway 32 848400 « Spain 91 640 0085 ¢ Sweden 08 730 49 70 ¢ Switzerland 056 27 00 20 ¢ U.K. 0635 523545 


© Copyright 1994 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies. 


See us at Wescon booth 1631 READER SERVICE 100 See us at Semicon SW 








“With these workstations based on Aloha 
AXP chip technology, Digital continues to lead 
— in performance and price/performance. ” 








Dominic Ricchetti, Director 
Workstation Research, Dataquest® 


~aroe™Pro/ENGINEER Release 12.0 Assembly: BIKE“<""~-""" 





Quit Window 
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SPECINI92 = 189136123 CS 
ENTRY PRICE $43373 $39,995 $74,950 $28,500 


DEG HP SGI _ IBM SUN 


“Model 700 735/125 indigo2X2 38T 20/61 
SPECIN92 31 108 
SPECINIO2 = 1c3— 16—(ié‘ia:SCSCHSCC 
ENTRY PRIGE $27,698 $39,905 $24,500 $33,300 $17,995 


fastest machines for the mone\ . But the fastest. Period. 
Giving you true 64-bit computing for power-hungry 
applications, sizzling 2D and 3D graphics 








Squeeze the most 
~ out of your design cycle. 


You know time is money. And at Texas 

| Instruments, we can help you speed your product 
to market. Meaning you are free to do what you do 
best — create the next breakthrough products. 


Be first to market with leading-edge 
designs. From notebooks and PDAs to wireless 


communications and multimedia, you can 













harness the power of TI’s DSP solu- 
tions, low-power 486 
microprocessors and 

mixed-signal devices to 
design unique products 
fast. Our industry-leading 
TMS320 DSP family offers a 
road map with the flexibility of 
software-programmable solutions 
that can migrate into highly 
integrated, custom DSPs that 
deliver cost-effective high 
performance. And compatible 
logic families and memory 
devices also help you move your 


designs easily from 5 V to 8 V. 


EXT EN DING 


Y0O0U Rh 


Technical support that gets you up to speed, 
fast. Move quickly from selection to prototype with 
clear, concise technical information and real-world 
application notes. And C compilers, emulators, devel- 
opment tools, behavioral models and SPICE rules can 


help you create DSP solutions in record time. 


Setting the benchmark: A 94% on-time 
delivery record. At TI, we deliver what we 
promise. So you won't be left waiting for your ICs 
to arrive. In fact, in an expanding market, we 
set an industry benchmark by having a 94% 


on-time-to-commit-date delivery record. 


Win the race to market. Getting 
to market faster with a better prod- 
uct. That’s what business is all about. 
And with TI, you'll find a unique 
blend of silicon, support 
and service. We call it 
Total Integration™ You'll 
call it your competitive 
edge. To find out more, 
just call your nearest Tl 


sales office listed below. 


R E AC H" 


sa TEXAS 


INSTRUMENTS 
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the worlds largest selection 
2KHZz to 1OGHZ trom $2% 


With over 300 standard models, from 2-way to 48-way, 0° 90° and 180° 

00- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s 
largest selection of off-the-shelf power splitter/combiners. And, with rapid 
turnaround time, we'll also supply “special” needs, such as wider band- 
width, higher isolation, lower insertion loss and phase matched ports. 

Available for use in military and commercial requirements, models 
include plug-in, flat-pack, surface-mount, connectorized standard 
and custom designs. New ultra-miniature surface mount units 
provide excellent solutions in cellular communications, GPS 
receivers, Satcom receivers, wireless communications, and 
cable systems. 

All units come with a one-year guarantee and unprecedented 
“skinny” sigma unit-to-unit and production run-to-production run 
repeatability. All catalog models guaranteed to ship in one week. 
Mini-Circuits...dedicated to exceed our customers’ expectations. 
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PRECISION IC-LITHOGRAPHY MEASUREMENT 
SCHEME TRIMS ERRORS TO LESS THAN 10 NM 


T= age of deep-sub- 
micron feature sizes 
brings with it many 
challenges, some of which 
can be likened to the story 
of the cat chasing its own 
tail. As the feature sizes 
shrink further, lithographic 
tools are needed to create 
those smaller features. But 
so are better measurement 
tools to ensure that those 
smaller features are prop- 
erly created. And the more 
exact the tools are, the finer 
the features. That, in turn, 
means even more precise 
tools will be needed. 

Thus, engineers are faced 
with a daunting challenge: 
How to provide accurate 
and consistent tools that 
can measure the ultra-small 
mask dimensions at produc- 
tion-line throughputs. The 
answer lies ina combination 
of new technology and tak- 
ing care of all the minute 
details, according to engi- 
neers at Nikon Precision 
Inc., Belmont, Calif. Close 
attention to environmental 
controls, an improved laser 
interferometer, special con- 
struction materials, and a 
new automated handler 
were combined to yield a 
system that measures 0.25- 
um feature sizes and can de- 
liver repeatable measure- 
ments while keeping error 
sources to less than 10 nm. 

With dwindling on-chip 
feature sizes, such small er- 
ror budgets are mandatory. 
For instance, in 1991, over- 
lays in dynamic-RAM pro- 
duction lines required toler- 
ances of about 0.175 um, 
while logic overlays needed 
about 0.24-um tolerances 
and X-Y positioning needed 
a repeatability of 0.015 um 
(see the graph). 

Tolerable repeatability 
also must drop as feature 
sizes shrink. However, most 


of the error sources from 
the measuring systems 
were already removed, and 
attention to the minutiae 
will be the only way to 
achieve the desired toler- 
ances. This is particularly 
important as _ production 
systems gear up to manu- 
facture 64- and 256-Mbit 
DRAMs and even denser 
memories by the turn of the 
century. 

The resulting accuracy of 
the system is about two to 
three times more precise 
than any other existing pro- 
duction test system, and 
thus can deliver a much bet- 
ter analysis of patterns it 
measures. By delivering 
more accurate results, 
masks rejected by less-ac- 
curate systems due to bor- 
derline tolerances that 
couldn’t be evaluated by the 
less-accurate tools might 
make it past the more accu- 
rate inspection of the X Y-5i 
inspection system. That, in 
turn, would lower the aver- 
age mask manufacturing 





cost because less masks 
would be discarded. 

Any system that must 
measure dimensions as 
small as 10 nm, must, of 
course, have an internal ac- 
curacy close to an order of 
magnitude better. Conse- 
quently, to achieve a_pat- 
tern-coordinate measure- 
ment repeatability of 10 nm, 
Nikon engineers began by 
eliminating potential error 
sources through various 
methods. For example, liq- 
uid cooling was added to the 
lead screws that move the 
stage in the measuring 
chamber. In addition, the 
air conditioning and air flow 
were modified to remove all 
potential heat sources from 
the measurement chamber 
that could cause minute di- 
mensional changes. 

Next, Nikon’s designers 
added a wavelength-track- 
ing system to the laser in- 
terferometer, moving from 
a “weather station” equa- 
tion to a physical measure- 
ment system with a A/256 
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resolution that’s more accu- 
rate and accounts for at- 
mospheric variations. The 
higher division ratio im- 
proves the laser pulse count 
(double or more that of pre- 
vious systems), increasing 
the resolution and enabling 
the system to provide finer 
positioning control. 

Large masks typically 
flex just because of gravity, 
and even that flexure must 
be accounted for to perform 
precision measurements. 
To do that, a special auto- 
matic loading and holding 
mechanism was developed 


_to hold up to seven 5-, 6,- or 


7-in. masks without a vac- 
uum. 

The three-point support 
system, which was modeled 
for each type of substrate, 
automatically compensates 
for each substrate size. The 
automatic aspect of the sys- 
tem also allows the environ- 
mental controls to be much 
tighter, thus further im- 
proving the measurement 
accuracy. 

The stage itself also is a 
source for errors, and not 
just from its physical move- 
ment—temperature causes 
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Before you dive headfirst into a customized Multichip 
Module (MCM), consider this: No one comes close to 
National’s full range of in-house capabilities. 

We offer a world-class die portfolio * MCM-L, C, 
and D substrate technologies « Mixed-technology designs 
¢ KGD processing ¢ Electrical, mechanical, and thermal 
designs ¢ Commercial, industrial, and military screening 


e Low- to high-volume manufacturing * ISO 9002 








registration, and MIL-1-38535 certification. 
All of which is why we can provide 
unmatched flexibility in customizing every- 


thing from a two-chip SOIC to a full-blown 





communications system. All it takes is a 
little imagination. For a copy of our free MCM product 
brief, or to talk to someone in our MCM/KGD Group, 
call us today at 1-800-NAT-SEMI, Ext. 311. 








the stage itself to expand or 
contract. Thus, Nikon’s de- 
signers changed the stage 
material to a special ce- 
ramic, which has a very low 
expansion coefficient. 

With all of the perform- 
ance improvements, the 
XY-5i system can replace 
either of Nikon’s previous 
machines, the 2i or 3i, and 
delivers a measurement ac- 
curacy four times better 
than an alignment tool 
(alignments are typically 
done to within 30 to 40 nm), 
so the X Y-5i yields an accu- 
racy of 10 nm. (You may 
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wonder why there’s no 4i. It 
was skipped over because 
of superstition. In Japa- 
nese, the number 4 when 
spoken is pronounced like 
the English word “she,”— 
in Japanese, it’s “shi’— 
which also is the sound for 
the word “death”. It’s for 
that reason that you won’t 
find anything sold in Japan 
in sets of four.) For instance, 
the older XY-2i handled 
measurements of 150 nm 
while the X Y-5i readily han- 
dles 50-nm features with its 
coordinate-measurement 
repeatability of 10 nm. Such 


repeatability holds for a 3-o 
long- and short-term re- 
peatability. This kind of ac- 
curacy will be key when 
measuring critical features 
on phase-shift masks, X-ray 
masks, wafers, standard 
reticles, and other fine- 
lined objects. 

Once measurements are 
taken, the VAX worksta- 
tion used as the X Y-5i inter- 
face can output the data and 
send it over anetwork (Eth- 
ernet with DECnet or 
TCP/IP protocols) or com- 
pile statistics. The worksta- 
tion interface gives users 


both fast processing and a 
large storage capacity. Asa 
result, they can collect sta- 
tistics and perform on-line 
statistical control to catch 
defective tools early and 
minimize lost production. 

The ultimate in precision 
measurement is coupled 
with a pretty steep price 
tag as well—system prices 
will range from $1.6 to 
about $2 million, depending 
on options. 

For more information, 
contact Dave Kettering at 
(415) 508-4674. 

DAVE BURSKY 





GAS-PHASE AUTO SENSORS ALLOW 
REAL-TIME MONITORING AND ANALYSIS 


ightening governmen- 
tal regulations on al- 
lowable car emissions 
has intensified the search for 
more effective, low-cost 
methods of monitoring such 
emissions. As part of a five- 
year project, scientists at 
Lawrence Livermore Na- 
tional Laboratory, Liver- 
more, Calif. are investigating 
various electrochemical sen- 
sors to accurately detect and 
monitor, in real time, the oxy- 
gen concentration in a car’s 
exhaust system. 
Electrochemical sensors 
are known for their high 
sensitivity, small size, low 
cost, versatility, and capa- 
bility of standalone opera- 
tion. Although the poten- 
tiometric sensor often is 
used in industry to monitor 
gaseous species like oxy- 
gen, its sensitivity can’t de- 
tect changes in oxygen lev- 
els in the lean-burn regime. 
Because future automobiles 
will operate in this regime, 
that option won’t suffice. 
According to Lawrence 
Livermore scientists, a bet- 
ter solution may be an ad- 
vanced solid-state electro- 
chemical sensor that’s used 
potentiometrically or am- 


perometrically. 

The sensor is made up of 
either ionic materials or 
semiconductor oxide mate- 
rials, and is capable of real- 
time monitoring and analy- 
sis. Such a device, used in 
the feedback control sys- 
tem of an automobile, could 
accurately monitor the con- 
centration of oxygen in the 
exhaust stream. 

While semiconductor ox- 
ide-based sensors may 
prove effective for emis- 
sions monitoring, the option 
that holds the greatest 
promise is the amperomet- 
ric oxygen sensor. The de- 
vice, consisting of four lay- 
ers, is rather simple in de- 
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sign (see the figure). 

The first layer is a diffu- 
sional barrier that only al- 
lows passage of the oxygen 
Species being monitored. 
The second layer, the cath- 
ode layer, causes a chemical 
reaction with the oxygen. It 
does this by throwing free 
electrons into the picture, 
turning Os into 20*. The 
third layer, a solid electro- 
lyte made of CeQs, creates 
an exhaust stream of oxy- 
gen. At the last layer, the 
O* hits an anode and breaks 
back down into two forms, 
Og and 4 electrons. 

Although the oxygen, in 
effect, enters and exits the 
sensor unchanged, the ionic 
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conduction through the sen- 
sor generates a current 
flow. Because the current is 
proportional to the oxygen 
concentration in the ex- 
haust stream, information 
as to the amount of oxygen 
present can be ascertained 
by directly measuring the 
current. 


The amperometric oxy- 


gen sensor’s development is 
near the prototyping stage, 
but the component parts 
that make up its basic de- 
sign are still being opti- 
mized for performance. For 
example, while the CeQo 
electrolyte works quite well 
for low-temperature opera- 
tions, it’s not the answer for 
operation at other tempera- 
ture ranges. 

Currently, a number of 
different electrolytes, or 
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ionic conductors for the 
oxygen ion, are under in- 
vestigation. In addition, to 
establish a linear response 
in the appropriate oxygen 
concentration region, new 
types of diffusion barriers 
are being developed that 
will be applied to the sensor 
surface. Such barriers in- 
clude aerogels, xerogels, 
and perovskites, to name 
just a few. 

Once optimized, the am- 
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perometric sensor may find 
a place not just in automo- 
tive emissions monitoring. 
They may also find a home 
in environmental monitor- 
ing and real-time gas spe- 
ciation. 

Semiconductor oxide 
type sensors for various 
gaseous species, including 
oxygen, also are being 
worked on. Fabricated us- 
ing planar thin-film technol- 
ogy, state-of-the-art mate- 


rials deposition, and ion- 
beam modification, these 
devices could be microfabri- 
cated into an array contain- 
ing several different sen- 
sors on one chip. Such ar- 
rays would be ideal for 
monitoring many different 


gaseous species, as well as 


industrial emissions moni- 
toring. 

A working prototype of 
the amperometric sensor is 
expected by February 


1996. The eventual goal is to 
develop a_ high-perform- 
ance, cost-effective means 
of monitoring and analyzing 


gaseous species ranging | 


from Os, NOx, CO, He, and | 

SO», to hydrocarbons. 
Further technical infor- 

mation may be obtained by | 


| 
| 


| 


contacting Steve Wampler | 


at Lawrence Livermore 
National Laboratory. Call 
(510) 423-3107. 

CHERYL AJLUNI 





POWER-SEMICONDUCTOR PACKAGE 
DISPLACES TO-247 AND DISSIPATES 4 W 


7 nly a few years ago, 
the idea of a surface- 
mount power as- 


sembly made most design- 
ers feel a little nervous. It 
wasn’t the fact that just 
that many power semicon- 
ductors were unavailable in 
true SMT versions, which 
meant relying on risky tac- 
tics like bending TO-220 
leads into pseudo-SMT 
shapes. It also involved the 
prospect of soldering those 
devices to poor thermal 
conductor materials like 
FR-4. 

Things began to look up 
when, in 1991, Motorola 
Semiconductor Inc., Phoe- 
nix, Ariz., introduced its 
D 2PAK, a true surface- 
mount replacement for the 
TO-220 that dissipates up 
to 2.5 W of power. Im- 
proved substrate materi- 
als such as the intermetal- 
lic-substrate (IMS) types 
have brightened the pic- 
ture even further. But as 
power-semiconductor 
makers like Motorola 
Semiconductor start to go 
for larger die sizes with 
more power-dissipation 
capability, a true SMT al- 
ternative to a larger pack- 
age such as a TO-247 be- 
comes mandatory. This 
prompted the _ develop- 
ment of Motorola Semicon- 


ductor’s D°PAK, the latest 
in the DPAK lineage (see 
the photo). 

The D°PAK package is 
similar in size to the TO-247 
package, but can accommo- 
date chip sizes up to 400 by 


300 mils (10.2 by 7.6 mm). 


As a result, designers can 
use new families of surface- 
mounted devices, such as 
power MOSFETs, with 
lower on-resistances or rec- 
tifiers with lower forward- 


voltage drops. 
Designed specifically for 
SMT applications, the 


D°PAK offers many other 
advantages when com- 
pared with a lead-formed 





TO-247 package. For one 
thing it’s 0.2 in. shorter and 
has about the same foot- 
print as a 44-pin PLCC 
package. With a short tab 
extending beyond its plas- 


tic body, the D°PAK’s solder 
fillet can be more readily in- 
spected. 


In addition, inspecting 
the solder joints on a modi- 
fied TO-247 is virtually im- 
possible. That’s because 
the joint is underneath the 
package body. 

Although the D®PAK is 
initially targeted for hous- 
ing power MOSFETs, it 
also can accommodate de- 
vices. These include rectifi- 
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ers, insulated-gate bipolar 
transistors (IGBTs), bipolar 
power transistors, and 
dual-die configurations 
such as rectifier/IGBT com- 
binations. 

Unlike many SMT pack- 
ages, the D >PAK lends it- 
self to high-voltage applica- 


tions because of the wide | 
spacing between its pins. In | 


addition, molded standoffs 
eliminate the phenomenon 
of high-voltage creepage 


and enable the package to | 
be used in applications ex- | 


ceeding 1000 V. 

The package is nomi- 
nally rated for power dissi- 
pation of 4 W. But that fig- 
ure assumes mounting on 
a conventional F'R-4-type 
pe board. 

The 4 W level doubles 
with use of a heat sink and 
rises dramatically when the 
D°PAK is mounted on IMS 
materials with an alumi- 
num core (it rises to 16.7 W 
with no heat sink is used 
and to 27.2 W when a heat 
sink is used). 

Higher levels of power 
dissipation can be achieved 
on FR-4 materials, how- 
ever, by increasing both the 
copper area of the drain pad 
and the thickness/weight of 
the copper located on the pe 
board. 

For more information, 
contact Motorola Semicon- 
ductor’s Scott Delaney at 
(602) 244-3071. 

DAVID MALINIAK 
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The gate array alternative. 


At under $10, the FLEX EPF8282, a 2,500-usable-gate programmable logic device, is 
ideal for volume production. At this price, you may never need a gate array again. 

FLEX Ability by design. 

If you’re considering a gate array for your next design, but would like to avoid long 
lead times and high NRE costs, then you’re ready for FLEX programmable logic. With 
FLEX 8000 devices, you can make design changes on-the-fly, shorten your lead times and 
get to silicon faster. All FLEX 8000 devices feature predictable timing, thanks to our 
revolutionary FastTrack interconnect. 


It all adds up to what we call design 
FLEX Ability. 


The EPF8282 provides all the options you 
need for high-volume production: 2,500 
usable gates with 282 registers, up to 78 
user I/O pins, multiple packaging options, 
including a 1-mm thick TQFP, and a 
choice of 5 V or 3.3 V versions. All the 
features you need—and at the right price. 


The complete solution. 


Combine the EPF8282 with our easy- 
to-use MAX+PLUS II software and you 
have a complete design solution. And 
MAX+PLUS II works in your environment, 
interfacing with popular CAE tools, on PCs or workstations. 


The Altera Advantage. 


When you choose Altera for your programmable logic needs, you get more than speed 
and density. You also get technology leadership, the industry’s easiest-to-use software 
tools, and comprehensive technical support. This is real value for your 
money. This is the Altera Advantage. 


Call now for great pricing-and a FREE Applications Handbook. 


The FLEX 8000 family of programmable logic devices offers densities up 
to 50,000 usable gates. For a free copy of our FLEX 8000 Handbook | 
or more information on the EPF8282, call Altera today at 800-9-ALTERA 
(800-925-8372), or write to us at 2610 Orchard Parkway, San Jose, CA 
95134-2020. 


© Copyright 1994 Altera Corporation. Altera, FLEX, MAX, and MAX+PLUS are registered trademarks, and MAX+PLUS II, FLEX 8000, 
FLEX Ability, FastTrack and EPF8282 are trademarks of Altera Corporation. All other trademarks are the property of their respective holders. 
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Introducing LITE FOOT. 
Everything you like about 
LITTLE FOOT power 
MOSFETs, only smaller. 
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° SURFACE-MOUNT COMPATIBILITY | 


° LOW ON-RESISTANCE 
° SMALL FOOTPRINT 
° MINIMAL HEIGHT 
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3.0mm 


LITTLE FOOT 








4.8mm 


LITE FOOT” is about half the 
size of LITTLE FOOT, but 
delivers the same big benefits 
for space-sensitive and/or 
battery-operated applications. 


Siliconix, the pioneer in 8-lead 
SOIC power MOSFETs, has 
redefined the performance of 
ultra-miniature, surface-mount 
power. The result is a new family 
of n-channel and p-channel devices 
that delivers on-resistance as low 


as 50 mQ. Further, LITE FOOT 
features TSSOP surface-mount 
compatibility, and offers gate 
drive voltages as low as 2.7 V 
and currents as high as 4.2 A. 


In short, LITE FOOT is the smallest 
discrete power MOSFET in the 
world. It occupies only 6.4 x 3.0 
millimeters of board space. 

And at a remarkable 1.1 mm 
high, it’s the first power 





MOSFET thin enough So if your designs keep shrinking, 
to fit into any standard but your power management 
PCMCIA card. Even needs keep getting bigger, 
double-sided circuit LITE FOOT is the solution. 
boards are a snap. 

Contact your local TEMIC sales office, 
What’s more, LITE FOOT’s __ or call 1-800-554-5565, ext. 531 
mini package maximizes for a LITE FOOT design guide. 
power dissipation, too — 
over 1.5 W ina tiny 
8-lead TSSOP. But best of all, you 


don’t need an external heat sink a Ee con r xX 
other than the PC board itself. 
A Member of ne E M I C Group 





* On-Resistance shown at Ves = 10 V, 
except Si6433DQ shown at Vgs = 4.5 V 


2201 Laurelwood Road, Santa Clara, CA 95054 Fax: 408-970-3995 

Members of the TEMIC Semiconductor Division: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor 

TEMIC International Sales: UNIITED KINGDOM: 0344-485757. GERMANY: 0130 857 320. FRANCE: 1 30 60 70 00. ITALY: 02-332 121. 
SCANDINAVIA: 08-733 0090. SINGAPORE: 65-788 6668, ext. 249. HONG KONG: 852-3789 789. JAPAN: 3-5562 3321. 

LITTLE FOOT is a registered trademark and LITE FOOT is a trademark of Siliconix. ©1994 Siliconix. All rights reserved. 
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INNOVATIVE “THUNDERLAN” TECHNOLOGY MAY 
END HIGH-SPEED ETHERNET STANDARDS WARS 


elief from the war 
between local-area 
networks (LANs) is 
in sight, thanks to a new 
technology that’s culmi- 
nated from a partnership 
between Texas  Instru- 
ments, Dallas, Texas, and 
Compaq Computer, Hous- 
ton, Texas. Introduced with 
the dramatic moniker of 
“ThunderLAN,” the new 
technology provides LAN 
users with a bridge be- 
tween existing 10Base-T 
and the battling 100-Mbit/s 
Ethernet technologies (see 
the figure). 

The balkanization of the 
high-speed Ethernet mar- 
ket began earlier this year 
when the IEEE Standards 
Committee announced that 
rather than choose between 
the two competing stand- 
ards“100 VG-AnyLAN and 
100Base-T” for the pro- 
posed 100-Mbit/s data rate, 
it would formally adopt 
both and “let the market de- 
cide”. This non-decision has 
left both LAN equipment 
manufacturers as well as 
LAN managers in a difficult 
position: They have to 
either risk picking a tech- 
nology that might quickly 
become a pariah, or to allow 
their bandwidth-starved 
users to continue to suffer 
with existing 10-Mbit/s net- 
works. 

Compaq, a leading com- 
puter and server manufac- 
turer, realized that its prod- 
ucts would have to interop- 
erate with both of the new 
LAN standards, so it com- 
bined forces with long-time 
partner TI to solve the puz- 
zle of the divergent tech- 
nologies. Rather than take 
a quick-fix approach, TI and 
Compaq developed a com- 
prehensive solution that 
would allow users to keep as 
much as possible of their ex- 








isting hardware, software, 
and wiring as they up- 
graded to the higher data 
rates. 

Another key goal of the 
development project was to 
produce an open standard 
that could work with nearly 
any network operating sys- 
tem or physical media. In 
addition, it would eventu- 
ally be able to incorporate 
new transmission technolo- 
gies, such as asynchronous- 
transfer-mode (ATM) com- 
munications, as asmooth in- 
cremental upgrade. 

Creating a seamless, sys- 
tem-independent communi- 
cation technology involved 
several major tasks. First, a 
transmission technology 
adaptable to any one of sev- 
eral protocols and physical 
layers had to be developed. 
Next, it was essential to 
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produce a single suite of de- 
vice driver software that 
could communicate with the 
silicon through any major 
network operating system. 
Finally, the new technology 
had to be structured to op- 
erate with both high-speed 
LAN protocols and main- 
tain compatibility with ex- 
isting 10-Mbit/s systems. 
The silicon development 
fell to TI while Compaq 
handled the software driv- 
ers. Both companies di- 
vided the task of assuring 
that ThunderLAN would 
interoperate with the three 
Ethernet standards and 
their associated hub hard- 
ware. To ensure complete 
compatibility, both compa- 
nies worked in concert with 
the Fast Ethernet Alliance, 
Hewlett-Packard, and 
Synoptics as well as the In- 
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teroperability Testing 
Laboratory at the Univer- 
sity of New Hampshire in 
Durham. 

With much of the work 
already complete, Thunder- 
LAN is gearing up for its 
launch. TI announced that 
the first ThunderLAN sili- 
con will be available in the 
first half of 1995. The initial 
offering will be a PCI bus 
interface that can operate 
on a network using either 
10Base-T, 100Base-T, or the 
100VG AnyLAN protocols. 
The technology packs the 
additional bonus of support- 
ing full-duplex operation 
for both 10Base- and 
100Base-T LANs for a sys- 
tem bandwidth of up to 200 
Mbits/s. 

The key to Thunder- 
LAN’s flexibility lies in its 
media-independent _inter- 
face: A small analog person- 
ality circuit bridges the 
standard logic levels of 
ThunderLAN and the sig- 
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To build as many as 88 a commitment to zero defects, you can fit it and forget it, for 
circuits into a connector that demands the most stringent the lifetime of the system. 
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3.3mm thick demands precision And to rate it, as JST does, ICM connector range, simply call 
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nal-modulation scheme 
used by a particular physi- 
cal (PHY) layer protocol. 
On a network interface 
card, this will most likely 
take the form of a plug-in 
module or a daughterboard. 


In addition to providing 
the signal conditioning, 
these interface circuits will 
have signal lines that pass 
their configuration status 
through the media-access 
layer (MAC) up to the net- 
work operating system, ul- 
timately determining which 
protocol is being used. This 
information then will be 
used by the operating sys- 
tem to select the proper 
software driver modules 
and automatically configure 
itself. 

This means that a LAN 
manager using 10Base-T 
for most of the network, a 
few 100VG lines for special 
applications, and a hub with 
100Base-T for tying to- 
gether high-end worksta- 
tions need only stock a sin- 
gle type of adapter card for 
both networks and simply 
add the appropriate PHY 
layer module to charac- 
terize them. 

The chip’s front-end will 


have the necessary cir-— 


cuitry to directly interface 
to the 10Base-T PHY layer. 
A standard media-inde- 
pendent interface circuit 
can be added that handles 
most physical media inter- 
faces for 100-Mbit/s Eth- 
ernet, including TX, T4, 
UTP, and VG-STP. 

Driver software will in- 
itially be offered to support 
most popular operating sys- 
tems, such as NetWare 3/4, 
Windows NT, OS2, and SCO 
UNIX. Others may be 
forthcoming, subject to de- 
mand. These drivers will 
take up little if any addi- 
tional memory than conven- 
tional software modules, 
because ThunderLAN’s 
software engineers mini- 
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mized the amount of PHY- 
layer-dependent code that 
was required. While not im- 
mediately supported, both 
TI and Compaq assert that 
ThunderLAN technology 
can be easily updated to 
handle ATM transmissions 
by adding the proper PHY 
interface and driver soft- 
ware. 

Although the first silicon 
will be designed for direct 
interface to the PCI bus, 
several “bridge” chips will 
be offered to adapt it to 
other bus schemes, such as 
EISA. The bus-oriented in- 
terface makes it an ideal 
candidate for use on moth- 
erboards to provide a cost- 
effective means of manufac- 
turing “LAN-ready” ma- 
chines. Considering Com- 
paq’s involvement in the 


technology, it wouldn’t be 
surprising to see several 
products sporting built-in 
dual-LAN compatibility be- 
fore mid-1995. 

As a network-systems 
design house, Compaq took 
special effort to optimize 
the driver software. The 
software group huddled 
with its own computer sys- 
tems engineers as well as 
the major network-operat- 
ing-system vendors and TI 
to ensure that the drivers 
worked with all system ele- 
ments to coax out every 
possible bit of speed and ef- 
ficiency. 

Although no firm com- 
mitments have been made, 
TI representatives antici- 
pate that a ThunderLAN 
adapter card will cost no 
more than a conventional 


10/100-Mbit board which 
handles a single high-speed 
Ethernet format, about 1.5 
times the price of a low- 
speed, 10-Mbit/s card. By 
using this unifying technol- 
ogy, manufacturers and us- 
ers will be able to avoid the 
pitfalls of choosing the 
wrong technology. Net- 
work managers also will 
benefit by being able to up- 
grade their networks incre- 
mentally. 

For further information 
on ThunderLAN technol- 
ogy and its applications, 
contact the Literature Re- 
sponse Center, Texas In- 
struments Inc., Semicon- 
ductor Group, SC-94084, 
P.O. Box 172228, Denver, 
CO, 800217; (800) 477-8924, 
ext. 4500. 

LEE GOLDBERG 





COMPRESSION TECHNIQUE 
INCREASES CD-ROM STORAGE 


novel data-compres- 
sion technique has 
led to a new storage 


technology that signifi- 
cantly increases the storage 
capacity of standard CD- 
ROMs. The new technology, 
called capaCD, allows CD- 
ROMs to boost their capaci- 
ties from 1.5 to 10 times (a 
3X improvement is typical). 
The technique, developed 
by EWB and Associates, 
Carlsbad, Calif., creates a 
layer of storage in the CD- 
ROM. This new “virtual 
medium layer” is where the 
additional data is stored. 

To the file system, the 
layer looks like a very large 
physical layer. Because this 
layer works independently 
of the file system, capaCD is 
compatible with standard 
CD-ROM file systems, and 
also with future standards 
and proprietary file archi- 
tectures. 

The compression tech- 
nique_is lossless, meaning 


that no data corruption can 
occur. In addition, all data 
returns to its original state 
after decompression. 

No special hardware or 
software is needed to access 
the data. Each capaCD-en- 
hanced disk is fully compat- 
ible with standard CD- 
ROM drives and driver 
software. 

The disk itself contains all 
of the device-driver and 
support files needed to ac- 
cess the data. When used 
for the first time, the user 
simply runs an installation 
program directly from the 
CD-ROM. Unlike other 
compression techniques, 
capaCD doesn’t create an 
additional drive letter. CD- 
ROMs possessing the ca- 
paCD enhancement can be 
used interchangeably with 
disks that don’t have ca- 
paCD, even after the instal- 
lation phase. 

In capaCD, a data-com- 
pression engine called Mul- 
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tipress combines a number 
of discrete compression 
technologies, each  opti- 
mized for a different data 
type, into one unified com- 
pression engine. Multipress 
automatically invokes the 
best data-compression type 
for each individual piece of 
data, resulting in the high- 
est possible compression 
ratio. Multipress also has an 
interface that can add 
third-party compression 
technologies to capaCD, 
enabling developers to im- 
prove storage capacity. 

The capaCD technology 
is available for royalty li- 
censing. The licensing fee 
depends on the number of 
CD-ROMs involved. For 
example, the fee is $2500 for 
aminimum quantity of 2000 
CD-ROMs, rising to 
$35,000 for 50,000 CD- 
ROMs, and $175,000 for 
500,000 CD-ROMs. 

For more information on 
the capaCD data-compres- 
sion technology, call EWB 
& Associates at (619) 930- 
0440. 

RICHARD NASS 
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SPECIFICATION PROPOSED TO 
PUT PCI ON PASSIVE BACKPLANES 


CI is beginning to 
break away from the 
pack and emerge as 
the leading mezzanine ar- 
chitecture on non-PC plat- 
forms. For instance, there’s 
a standard on the drawing 
board for both the VMEbus 
and Futurebus+  back- 
planes. Now another PCI- 
based _ specification—the 
PCI-ISA card-edge connec- 
tor for single-board com- 
puters—is in the works. 
This new specification 
has been proposed by a 
technical and marketing 
consortuim, the PCI Indus- 
trial Computer Manufac- 
turers Group (PICMG). 
PICMG is made up of a 
group of manufacturers or- 
ganized to develop the 
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standard. The group cur- 
rently consists of four com- 
panies. They include I-Bus 
PC Technologies, San Di- 
ego, Calif.; Teknor Micro- 
systems,Boise Briand, Que- 
bec, Canada; Texas Micro- 
systems, Houston, Texas; 
and Trenton Terminals, Du- 
luth, Ga. The quartet of 
charter companies is seek- 
ing new members from 
other manufacturers of in- 
dustrial CPUs, backplanes 
and chassis. 

The existing PCI stand- 
ard, originally developed by 
Intel and now in the hands 
of the PCI Special Interests 
Group (SIG), includes speci- 
fications for motherboard- 
based PCs. But it doesn’t 
have a standard _ specifica- 


tion for passive-backplane 
PCs, which are common in 
many industrial environ- 
ments. 

PICMG’s goalis to draft a 
set of requirements for the 
industrial PCI passive 
backplane and work to have 
these requirements  ac- 
cepted by the PCI SIG, 
which represents over 225 
companies. 

The proposed PICMG 
specification isn’t a redes- 
ign of the existing PCI 
standard. Instead, it adapts 
the PCI electrical signals to 
the passive-backplane for- 
mat. 

The 32-bit version of the 
specification will offer sup- 
port for up to four master 
PCI slots. That’s made pos- 
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sible because four signals 
from the 64-bit extension 
are relocated. 

Four 3.3-V power pins 
were restored to support 
future 3.3-V systems. In ad- 
dition, five pins in the 64-bit 
extension are reserved to 
support future functions. 

For more information on 
the PICMG or the associ- 
ated specification, contact 
any of the charter mem- 
bers: Curt Alexander of I- 
Bus PC Technologies at 
(619) 974-8472; Dan Pirro of 
Teknor Microsystems at 
(514) 437-5682; John 
Leonardo of Texas Micro- 
systems at (718) 541-8200; 
or Roger Hurlbert of Tren- 
ton Terminals at (404) 381- 


6031. 


In addition, the PCI SIG 
can be reached at (800) 433- 
5177 or (503) 797-4207. 

RICHARD NASS 
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Self-Starter 


Power Conservation for 


PC's and Portables 


ith the DS1587 Serialized Real Time Clock, 
your computer can turn itself on at a pre-set time, 
perform a task, and shut itself off. Automatically. 
With no human intervention. 


The DS1587 can even be used to establish a time- 
out program. When a certain amount of time has 
passed without activity, the system is automati- 
cally powered down. 


The DS1587’s kickstart feature opens up new 
possibilities. For example, with a laptop and a 
modem, you can call up your desktop PC from 
halfway around the world, retrieve important 
files, and then turn the PC off. 


A 64-bit, guaranteed unique serial number en- 
eraved in silicon identifies each computer for a 
variety of purposes. Like warranty tracking. Or 
asset management. 





DALLAS 








Of course, the DS1587 has lots of 
other unique features (that’s why 
we’re known as the world’s leader 
in computer timekeeping chips): 


114 bytes of user NV RAM and 
8K x 8 expanded NV RAM can 
store system configuration data 
and personalization information. 


The device's 32 kHz output 
alleviates the need for an additional 
oscillator for power management. 


Available as chip (DS1585) or 
standalone module (DS1587) with 
embedded lithium and crystal. 


DS1587 operates over 10 years in 
the absence of external power. 


For more information on our 
large family of timekeepers, 
give us a call at (214) 450-0448. 





SEMICONDUCTOR 
4401 South Beltwood Parkway m Dallas, Texas 75244-3292 m Tel: 214-450-0448 Fax: 214-450-3715 
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PCMCIA CARD SLOTS GET POWER-MANAGEMENT IC 
THAT SETS SEPARATE SUPPLY-RAIL VOLTAGES 
AND LIMITS CURRENT FOR TWO CARDS. 


HOST CPU'S IC MANAGES 
POWER FOR PCMCIA CARDS 


FRANK GOODENOUGH 


he PCMCIA-card blitz contin- 
ues unabated, making its way 
into virtually every application 
ranging from flash and hard- 
disk memories to handheld 
medical equipment and global positioning sys- 
tems (GPSs). But the onslaught isn’t stopping 
there. Other future homes for the PCMCIA 
card include data-entry systems as well as 
data management for automatic test equip- 
ment (ATE). 

Every PC, instrument, or system, whether 
portable or not, which takes advantage of the 
PCMCIA card’s versatility for add-on func- 
tions must contain circuits that “manage” 
power for the card. That is, they must provide 
and control combinations of 3-, 5-, and 12-V 
power supplies for one or more cards, as re- 
quested by each card under a CPU and 
PCMCIA controller’s guidance. Moreover, the 
power-management function must adhere to 
PCMCIA standard 2.1. This dynamic standard 
exists to ensure compatibility between 
PCMCIA cards and systems and their ability 
to “plug and play” together. 

It takes a dozen low on-resistance semicon- 
ductor switches and various other devices to 
manage the power for a pair of 3-V/5-V 
PCMCIA cards. And that’s regardless of 
whether the host computer they plug into is a 
portable system, a desktop system, or an em- 
bedded system. With that knowledge and the 
burgeoning market for the cards, Texas Instru- 
ments came up with a complete, dual-slot 
PCMCIA _ power-interface switch, the 
TPS22011IDF (Fig. 1). While other similar ICs 
contain some of the switches and other devices 
on one chip, the TPS2201IDF is the only one 
that doesn’t need additional off-chip compo- 
nents. Some solutions to PCMCIA power man- 
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agement require over a dozen extra devices. 
TI’s power-interface switch, on the other hand, 
not only sets and distributes voltages for two 
cards, but also protects itself as well as the 
cards. 

In the typical system, the power supply, 
CPU, PCMCIA controller, and_ the 
TPS2201IDF power-interface switch reside in 
the host computer, while each of the two 
PCMCIA cards plugs into the host computer 
DESIGN 
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with a standard 68-pin connector (Fig. 
2). The PCMCIA controller communi- 
cates with the PCMCIA ecards via an 
I/O bus, and with the TPS2201IDF 
power-interface switch via eight con- 
trol lines. 

The controller polls each card to de- 
termine the voltages it needs and 
transmits that information to the 
power-interface switch via the control 
bus. The switch sets up the voltage 
distributed to the cards’ Vpp and Vcc 
pins. To meet the PCMCIA standards, 
the TPS2201DF must distribute the 
following voltages or impedances to 
the cards’ power pins: 0 V, 3 V, 5 V, or 
a high impedance to the Vcc pins, and 
0 V,3 V, 5 V, 12 V, or a high impedance 
to the Vpp pins. 


PIN PAIRS 

Eight of the standard connector’s 68 
pins transfer power between the host 
computer and the PCMCIA card. Two 
of them carry Vccpower, two carry Vpp 
power, and four pins (not shown in Fig. 
2) handle ground. Multiple pins mini- 
mize connector-pin and pc-trace resis- 
tances. The cards get their primary 
power through the Vcc pins while the 
erase and write voltages for flash-mem- 
ory programming arrive via the Vpp 
pins. Each pin in the 68-pin standard 
connector is rated at a current of 500 
mA. Thus, each pair of pins can physi- 
cally deliver up to 1 A of current . This 
assumes identical resistances for each 
pin and doesn’t permit pin failure or 
resistance change with time or tem- 
perature. 

Some applications require currents 
greater than 500 mA from the Vcc 
power supply. For example, a hard- 
disk drive can demand as much as 750 
mA of peak current to create the initial 
torque to spin up the disk’s platter. On 
the other hand, currents required from 
the Vpp power supply usually top out 
at the maximum current required to 
program flash memories, typically less 
than 120 mA. Of course, this doesn’t 
obviate some oddball application (per- 
haps a high-speed op amp, an audio am- 
plifier, or some RF task) demanding 
more than 120 mA of current at 12 V. 

As noted earlier, complete imple- 
mentation of the voltage-setting func- 
tion takes an even-dozen low-on-resis- 
tance (and thus large-area) semicon- 
ductor switches (S1 through S12) 
(Fig. 3). However, because all of the 
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card inputs needn’t carry the same 
supply current, the switches may 
vary in minimum on-resistance. As a 
result, they would differ in silicon 
area. 

TI took advantage of these assump- 
tions and squeezed the complete chip 
into a 30-pin SSOP (Fig. 1, again). 
When switching 5 V to the Vcc and 
Vpp pins, maximum on-resistance of 
the switches is specified as 160 mX 
and 6 X, respectively. And, when 


TPS22011D 


> 42¥ 
Power 
supply 5V 


3V 


PCMCIA 
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APWR_GOOD 
BPWR_GOOD 


Overcurrent 


= 1. THIS 30-PIN SSOP device, designed by Texas Instruments for managing 
PCMCIA card power, replaces over a dozen discrete components. 





switching 3 V to those pins, maximum 
on-resistance is 300 mQ and 6 Q, re- 
spectively. If12 V is switched to the Vpp 
pin, maximum on-resistance is 1 Q. 

Other features of the TPS2201 in- 
clude: 

e A shutdown input (SHDN) that 
when brought to logic low cuts the 
chip’s quiescent current (Ipp) from a 
maximum of only 150 mA to a mere 1 
mA while running off a nominal 5-V 
power-supply rail. 


Vppy 
Vpp2 


Vee 
Vee 


PCMCIA 
card A 


PCMCIA 
card B 





2. THE TPS2201 DUAL-SLOT PCMCIA power:nterface IC switch created 


by TI manages 3-V, 5-V, and 12-V power for PCMCIA cards. 
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You're never lost when you 
carry the SCOUT GPS” global 
positioning system from 
Trimble Navigation. P-CAD 
helped Trimble’s design 
engineers find what they were 
searching for —the world’s 
most productive PCB design 
software. Trimble used P-CAD 
software to navigate through 
the design process, cutting 

time to market and positioning 
their new product as. a market 
leader, P-CAD PCB design tools 
enjoy some unique positioning 
of their own, consistently ranking 
first in pins-per-hour benchmark 
surveys among independent 
service bureaus. In fact, compared 
to other PC-based systems, P-CAD 
software helps designers do 
their work in as little as half 

the time. Take P-CAD Master 
Designer’ for example. It includes 
enhanced auto-dimensioning so 
designers can document 


P-CAD HELPED 
PUT TRIMBLE ON THE MAP 








their work without mastering a 
separate mechanical CAD system. 
P-CAD offers a complete line of 
software tools for DOS, Windows” 
and UNIX® platforms. For the 
name of your nearest P-CAD 
reseller, call or fax us today. 
And to help you map out 

your own winning design 
strategy, we'll send you a 

free copy of our booklet, 
“P-CAD — Productivity 
Across the Board.” In 

today’s competitive world, 

you could be lost without it 


France: 

TAL: (1) 49 65.9697 
Pax: (1) 4965 9531 
Germany: 

Tel.: 069 /664.0080 
Fax: 0 69/6 6667 06 
U.K:: 

Tel: 049 445 9500 
Fax: 049 445 9922 


More Productivity — 
Across The Board 


-cad 


From ALTIUM, An IBM Company 








UNIX is a registered trademark of UNIX Systems Laboratories, Inc. SCOUT GPS is a trademark of Trimble Navigation Ltd. Windows is a trademark of Microsoft Corp. 
P-CAD is a registered trademark and ALTIUM and Master Designer are trademarks of ALTIUM, an IBM Company. ©1994 ALTIUM, an IBM Company. 085/1 
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POWER-MANAGEMENT SWITCH 
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eA pair of output flags 
(APWR_GOOD and BPWR_GOOD) 
that go logic low when the respective 
card’s Vppis high enough to program 
EEPROMs. 

e Overcurrent limiting. 

e An output flag (OC) that goes 
logic low when an overcurrent condi- 
tion occurs. 

Additional specifications include a 
“power-ready” flag threshold be- 
tween 10.72 V and 11.4 V coupled with 
00 mV of hysteresis when putting out 
a nominal 12 V, and maximum leakage 
current at high-impedance outputs of 
10 mA. When operating from a nomi- 
nal 5-V power-supply rail, the input 
voltage ranges from 0 to 5.25 V on the 
power supplies’ 3- and 5-V inputs, and 
Q to 15.5 V on the 12-V input. The 
“slowed-down” rise and fall times of 
the 3- and 5-V outputs run 1.2 and 10 
ms, respectively; that of the 12-V out- 


PCMCIA 
controller 





put runs 6 and 0.25 ms. Propagation 
delays to all outputs run 300 ms. 


CHANGING STANDARD 

The TPS22011DF’s functionality ul- 
timately was driven by the need to 
conform to the latest issue of the 
PCMCIA standards. The current 
trend in the PC market involves a 
rapid move from 5-V-only to 3-V/5-V 
systems, and ultimately in afew years 
to 3-V systems. The purpose of this 
voltage reduction is to minimize 
power, optimize board space, and in- 
crease logic speed. 

The new requirement for 3-V/5-V 
cards has necessitated the creation of 
a protocol to transition between two 
voltages. Cards are initially powered 
up at 5 V. If8-V compatibility between 
the host computer and the card is de- 
termined when the CPU reads the 
“card information structure” (CIS), 





aegis of a CPU and a PCMCIA controller. They apply the required mix of 3-V, 5-V, and 12-V 


Z 3. A DOZEN DMOSFET SWITCHES within the TPS2201 operate under the 


power to a pair of PCMCIA cards. 
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the card is then powered up at 3 V. 
That is, for example, the CPU would 
tell the TPS2201IDF to put 3 V on its 
Vcc pins. 

However, the protocol demands 
that during transitions between 5 V 
and 3 V, the host computer must first 
discharge the PCMCIA-card’s capaci- 
tors to less than 0.8 V before subjecting 
the card’s input circuitry to 3 V. Such a 
transition through 0.8 V ensures that 
sensitive 3-V circuitry isn’t subjected to 
residual amounts of 5-V charge left on 
the card’s input filter capacitors. This 
function provided by the TPS2201IDF 
essentially acts as a power reset. Other 
available PCMCIA card power-inter- 
face switches provide only a high im- 
pedance, which doesn’t offer a path to 
bleed off the 5 V. 


A DOZEN SWITCHES 

Opening or closing switches S1 
through S12 on the TPS2201IDF per- 
forms the voltage-rail switching func- 
tion, delivering whatever voltages the 
PCMCIA cards call for (Fig. 3, again). 
The eight lines from the PCMCIA con- 
troller select the required switches as 
defined by the TPS2201IDF’s control 
logic (see the table). 3 

The first column in the table indi- 
cates the condition of each switch, de- 
pending on the status of the shutdown 
input. Columns two and three repre- 
sent the eight control line inputs. Col- 
umns four, five, and six indicate the 
effects of the eight control line inputs 
on the 12 switches. The last column 
represents the output voltage deliv- 
ered by the chip to the PCMCIA-card 
connector’s power-output pins. Using 
two control lines to set each output 
voltage permits those outputs to tran- 
sition between four states. All of the 
switches that control a single output 
contain “break-before-make” con- 
tacts to prevent erroneous output- 
voltage transients. 

All 12 switches employ n-channel, 
low-voltage, lateral DMOSFETS. 
When switching, these FETs need a 
voltage higher than Vpp to turn them 
on. The TPS2201IDF chip contains its 
own charge pumps that develop the 
required gate voltage to turn on each 
switch. Moreover, these pumps don’t 
require any external capacitors be- 
cause they’re on-chip, and only re- 
quire the host-computer 12-V supply 
to be turned on when 12 V is needed 


DES IGN 


BIG I/O 


504 I/O pads, arranged in 
two rows around the periphery 
of the chip. 





IG DIE 


'60 inches square, embedded 
smory, and over 100,000 gates. 
very big die. 







“ 
me®eeee080 0 


BIG HEAT 


Running at 20 MHz and generating 


BIG PACKAGE 


eight watts of power. With this much The only off-the-shelf package that met all 
power, we had to pipeline the heat the technical specifications was three to four 
away from the die. times too expensive. The solution: a custom 


ceramic PGA, shown here at actual size. 


NO BIG DEAL 





“Big” does not have to equate to “big deal.” As in problems. We thought the IKOS System development was a big 
As in endless delays. As in unforeseen costs. Not when you challenge, to be sure, and we’re glad that for our customer, 
have an ASIC vendor that understands the system-level con- it was a big success. But, with over a quarter-century of ASIC 


text in which an ASIC operates. Then, “big” 
can lead to “big success.” 


That’s what IKOS 
Systems found out 
recently, when they 
brought the custom 
gate array you see 
above to American 
Microsystems, Inc. 
To create their next-generation hardware accelerator for logic 


experience, meeting big challenges and creating big successes 
for our customers is never a “big deal.” 





So the next time you’re faced with that potentially “big deal” 
development, come to the ASIC vendor that can help you 
knock it down to size—AMI. 


For a free case study of the IKOS Systems development, jointly 
authored by AMI and IKOS Systems, or for additional information 
about AMI’s products and capabilities, call 1-800-NEWS-AMI 
today (1-800-639-7264). 









simulation, IKOS needed to embody their evaluation See us at Booth #3253 at Wescon & idea/Microelectronics 94 
algorithms in four ASIC designs with over 300,000 gates of September 27-29, Anaheim Convention Center, Anaheim, CA. 
custom logic in all. 
If AMI were the kind of ASIC vendor who thinks their Corporate Headquarters: 
aa igs é ; ; American Microsystems, Inc. 
responsibility ends at the netlist, this project could have been 2300 Buckskin Road 
a very big deal—and a very big headache—for IKOS Systems. Sep pao e720 ® 
208) 234-6795 
Instead, AMI worked with IKOS Systems and a qualified eo Coen : mer ipa aig be 
package vendor to design a custom ceramic pin grid array that Se poetiever Str. 15 erican /Viicrosystems, 4nc. 
met all of the extensive physical, electrical and thermal D-01069 Dresden, Germany 
‘ ‘ : [-49]-(0) 351-487-3353 
constraints represented by a gate array of this complexity. [-49]-(0) 351-487-3313 (FAX) guts 
ee Big ASICS. No Big D 
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for flash- -type memories. This latter 
feature can increase battery life sig- 
nificantly. — 

_ The on-chip charge pumps are de- 
signed to provide a slow ramp when 
switching theVcc line. This feature 
helps prevent peak supply currents 
that can pull down the host-com- 
puter’s power supply during the proc- 
ess of card initialization, which in turn 


causes indeterminate states in the 


system logic. 

Delivery of power from a host com- 
puter to a PCMCIA card requires 
protection in the form of a fuse or 
current limiting. In addition, the 
“portability” of the PCMCIA cards 
ensures that they will be subjected to 
significant physical abuse. A card 
with a short circuit can kill a host- 
computer’s power supply or open a 
pe-board trace. 

In the past, fuses were used for pro- 
tection because other techniques 
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added too much resistance in the 
power-delivery path, causing addi- 
tional unacceptable voltage drops in 
these high-current lines. However, re- 
lying on fuses can cut system reliabil- 
ity because host computers often 
must be returned for repair when 
damaged by a bad card. In addition, a 
bad card will likely drain a battery in 
just a few minutes. 

Marco Corsi, the designer of the 
TPS2201IDF, attacked these prob- 
lems in several ways. The chip moni- 
tors the outputs for overcurrent con- 
ditions and reports such conditions to 
the host computer/user. SenseFETs, 
which employ some of the MOSFET 
cells that form each DMOSFET 
switch, monitor the current because 
other techniques would have added 
series resistance. Such resistance 
would otherwise cut power transfer to 
the load. Each of the power outputs is 
current-limited for an overcurrent 
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condition and the condition is re- 
ported via the overcurrent flag. This 
signal can be employed by the control- 
ler, or the CPU, to inform the user of 
the system’s status. Finally, if the 
overcurrent condition persists until 
the die exceeds its maximum allow- 
able junction temperature, the chip is 
shutdown until the temperature 
drops to a safe value. O 


PRICE AND AVAILABILITY 

The TPS2201IDF dual-slot PCMCIA 
power-interface switch, in its 30-pin SSOP. is 
rated for operation over the extended- indus- 
trial-temperature range. In quantities of 
1000, it goes for $6.67 each.Texas Instru- 
ments Inc., Literature Response Center, SC- 
94081, P. O. Box 172228, Denver, CO 8021 1s 
(800) 477-8924, ext. 4500. CIRCLE 514 
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FINALLY, THERE’S A FAMILY OF 12-BiT ADCs THAT 
WON'T ACT LIKE THIS IN YOUR SYSTEM. 


o matter how well you design 
a system, if voltages go outside the 


rails, your circuits can fry. 


LOWEST POWER 





That’s why Analo 
y 8 This is what other ADCs 


look like to your system. 


Devices now offers you a Coming soon, our newest family 


Perl 





family of 12-bit, SMALLEST 12-BIT ADC member, the AD7892. It’s the lowest 












































single supply, low Our new AD7893 sampling power ADC available with a 
Fe! SEES , 
ie donald power A/D con- ADC is the smallest 12-bit 500 ksps throughput rate. 
Voltage spikes verters — all with A/D converter | SPECIFICATION AD7890 ©—-AD7893 And it offers very flexible 
Throughput (ksps) 100 117 
ibe veel : Channels 8 1 faci ith both serial 
ary time: So system-saving available — ete ere interfacing, with both seria 
you need ADC 7 
spemoltdge overvoltage occupying de Ses Jee ad and parallel capability. 
protection all : luti 
the time. protection. 75% less board space seal he Make sure the ADCs you use aren't 
8-channel with ; Saar ras ee 
Each of our ADCs operates from than any of its nearest aii pie: simply expensive fuses in disguise. 
. smallest 8-pin 
5V supplies, has serial output, and competitors. SOIC package... Call your Analog Devices representa- 
: lowest power Biswas. 
offers a variety of input ranges includ- 8-CHANNEL MUXOUT 500 ksps. tive listed below for complete 


technical information. 


ing a +10V option. And each eliminates If an 8-channel ADC with a separate 


the need for resistors and diodes at MUXOUT that uses only one eighth of 


ANALOG 
DEVICES 


Analog. Digital. Solutions. 


the ADC input to protect against the signal conditioning circuitry sounds 





good, try our new 12-bit AD7890. 
READER SERVICE 137 


\alog Devices Europe: Austria (222) 88 55 04-0, Belgium (3) 2482619, Denmark (42) 84 58 00, France (1) 46744500, Germany 089/57005-0, 030/391 90 35, 04181/80 51, 0221/68 60 06, 0711/88 11 33, 
Israel (9) 911 415, Italy (2) 665 00 120, (11) 24 87 789, (6) 86 200 306, Netherlands (1620) 815 00, Sweden (8) 282 740, Switzerland (1) 820 01 02, (21) 808 25 50, United Kingdom 0932 266000 
+ USD, 1,000-Up, Recommended Resale, FOB USA 
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compact and reliable... 
Chip-In-Glass FIP modules 
from NEC. 
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. key advantages over other displays. FIPs are brighter F | and optional serial interface, 
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Ss —20'C to +70°C 
For a display that makes 

your system shine, call 
NEC today. 
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CELL-BASED POWER SWITCHES 


FRANK GOODENOUGH 


VERTICAL FETS 
DOMINATE 
Low-V OLTAGE 
POWER- 
TRANSISTOR 
SWITCHES. 

AT HIGH 
VOLTAGES, THE 
IGBT Is 
BECOMING THE 


DMOSFETs **"~ 
| nate low- and high-voltage applica- 
tions. Such systems include porta- 
| bles like subnotebook PCs and cam- 
corders, as well as power-factor-cor- 
recting lamp ballasts and multi- 


horsepower motor drives. Unlike the 
discrete small-signal silicon transis- 
tor that’s gone the way of the germa- 
nium transistor into the “sunset in- 


This revort is ti a _ dustry” brigade, the discrete power 
port is the first part of a two-part report on low fed aston ia alicoand well Ganon 


vol tage (below 00 V) cell-based MOSFETs, insulated-ga te larly for switching tasks. Also, novel 
bipolar transistors (IGBTs), and MOS-controlled thyris- devices in different packaging for 
tors (MCTs). The second part, which covers high-voltage new applications are arriving daily. 

devices, will appear in a future issue. Low-voltage (low drain-source 
voltage) applications ranging from 
switching regulators and motor con- 
trollers to power management for 
PCs are domininated by the vertical 
DMOS power MOSFET. On top of 
that, power MOSFETs have taken 
over many high-voltage bipolar ap- 
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emands for efficient 
power control of sys- 
tems and products 
continues to fuel the 
technological ad- 
vances in cell-based 
discrete power transistors that domi- 
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plications for new designs. In this 
venue, the IGBT is starting to chal- 
lenge the MOSFETs’ authority. 

One major trend sweeping 
through the low-voltage realm is the 
appearance of very low on-resis- 
tance FETs with sub-35-V break- 
down voltages (see “A sampling of 
the latest low-voltage MOSFET 
products,” p. 60). They’re being 
driven by their increasing use in 
management applications for bat- 
tery powered devices with logic 
that’s 5 V and lower. 

These n- and p-channel devices of- 
fer a sub-100-mN on-resistance 
(Rpgon))- Moreover, some become 
fully enhanced (turn on hard) with 5 
V or even less between the gate and 
source. In contrast, typical power 
FETs take 10 V for full enhancement 
while IGBTs like to see more than 10 
V. However, at low voltages, vertical 
FETs now are facing off with n- and 
p-channel MOSFETs (giant logic 
FETs) and even lateral DMOS de- 
vices. All varieties of these low-volt- 
age, low-Rpg,,, FETs are useful in 
low-voltage switching regulators. 
There, they serve as both the power 
switch and as synchronous rectifiers 
replacing the usual fast-recovery or 
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Schottky diode rectifier. 

IGBTs are finally infringing on 
the DMOSFET’s territory at high 
voltages and in applications where 
their limited speed isn’t a handicap. 
But the high-voltage DMOSFET 
isn’t standing still: high-voltage ter- 
mination has been improved to in- 
crease reliability and electrical rug- 
gedness; work is underway to lower 
Rogion) 0 cut conduction losses; and 
gate charge is being reduced to low- 
er switching losses. Pure bipolar de- 
vices such as transistors and thyris- 
tors (SCRs, GTOs, and TRIACs) still 
compete with the more expensive 
cell-based FETs and IGBTs, and will 
continue to compete in the foresee- 
able future. The MCT is also waiting 
in the wings to handle high-voltage, 
high-current switching tasks. 


POWER PACKAGES 


The achievements made in power 
packages are driven by several fac- 
tors. For starters, the demand for an 
ever lower R,,,.,,) dictates new pack- 
aging techniques. For example, 
when switching a 2.7-V, 1-A power- 
supply rail, bond wire and lead/pin 
resistances can overwhelm the 
Rosion) Of a Sub-100-mO FET die. The 
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move to surface-mount packages, 
along with the desire for tinier pack- 
age footprints and thinner cross sec- 
tions (for PCMCIA applications), 
further exacerbates this problem. Fi- 
nally, at voltages above a few hun- 
dred volts, the creep distance be- 
tween pins must be considered. 

At the low end of the power-MOS- 
FET spectrum, many low-voltage 
MOSFETs handling over 1 A of cur- 
rent can be found in various versions 
of the small SOT-23 and 8-lead 
TSSOPs. At the high-power end, 
FETs and IGBTs are available in TO- 
264 and SOT-227 ISOTOP packages. 
And, sub-100-V FETs in the SOT-227 
can handle over 100 A. 

Yet despite all of these novel pack- 
ages, the venerable TO-3, which 
housed the first germanium power 
transistors, remains the choice of 
first and last resort where hermetic- 
ity is needed (at least until a succes- 
sor is developed, none of which are 
on the horizon). On the other hand, 
very few new power semiconductors 
will be available in TO38s. 

Still, the bipolar power transistor 
refuses to go away. It offers cost and 
even functional advantages over the 
IGBT in a few high-voltage applica- 
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Ss 310] ee ee ae | record length and 
Chan/50 MHz 2 Chan/150 MHz waveform analysis 


[TDS 544A] [TDS 644A ] 
4 Chan/500 MHz 4 Chan/500 MHz 


the TDS 300 series Milani! ae | aS the TDS 800 series 


O)U es tirekcierclace)cercle) (ss = gf GGG 
family of DSOs PPS 2420 | [FDS 5:20A ] [TDS 620A ] 


4. OR #450. MHz Chan/500 MHz oC hana/'5-0:0 MHZ 


the TDS 600 series | 


[TDS 32 [TDS 460 ] [TDS 524A ] digital/analog 
2 Chan/100 MHz 4° Chaw/350 MHz 2°*Chano/s00-MA2Z applications 


ie ae ee ae ee | 
4 Chan/1 GHz 


the TDS 400 series | the TDS AC 0 series 


DS 350] | [TDS 540A ] [TDS 640A | [TDS 820] 
2 GChan/’ 2:00. Miaez 4 Chan/500 MHz 4 Chan/500 MHz 2 Chan/6 GHz 





The Scope of Choice. 
No Matter Which One You Choose. 


“It should come as no surprise that Tektronix sells more high performance oscilloscopes than all other 

: companies combined. Because, across the board, the Tektronix TDS family delivers superior perfor- 
mance and usability at every price point. And superior price at every performance point. m From the 
new $2, 300 TDS 310 to our 5 GS / s1 GHz TDS 684A, every TDS scope has the same highly intuitive 


graphical user interface. Learn one TDS scope and you’ve learned to waetnem all. So it’s easy to move 








from scope to scope. And fro m project to project Our exclusive NuCe Color™ technology gives you the 


lew TDS 684A: industry's S best full- color display, for about the same price as competitive monochrome scopes. 


+ channels of 


Usin g our new ultra small FET probes you can access today’s h highest density devices safely 


| GHz real-time 
acquisition, pow- 


srfultriggering aNd accurately. TDS scopes even streamline documentation by saving screens in popular 


and advanced dasktop publishing formats. m Of course the only way to get the full story is to contact your 


probing solutions. 


nearest Tektronix representative today. Or call 800-426-2200, 








ext 284. Make your next scope the scope of choice. 


Tektronix 


gq 'S0 9001 


CEAT NA 10007.03 Copyright 1994 Tektronix, Inc. All rights reserved. Tektronix, Tek and NuColor are trademarks. 





03W-284512 






READER SERVICE 110 


tions, such as CRT deflection ampli- 
fiers. It also offers a cost advantage 
over MOSFETs in audio amplifiers. 
Moreover, because it’s in high-vol- 
ume production for numerous pow- 
er-supply and motor-drive designs, it 
will remain an economic alternative 
for the designer who wants to fuss 
with the complex, power-hungry, 
drive problems (relative to FETs and 
IGBTs) of those applications. 


HicH Versus Low 

Just as applications for high-volt- 
age devices differ significantly from 
those for low-voltage devices, so do 
the processes used to build the ICs. 
In this report, MOSFETs with break- 
down voltages above 100 V are con- 
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sidered high-voltage devices, while 
those rated at 60 V and below are 
considered low voltage. As with any 
such arbitrary definition describing 
a fast moving technology, there are 
no specific rules. Some might say 
three MOSFET voltage categories 
exist: 30 V and below, 30 to 200 V/300 
V, and above 200 V/300 V. Today, a 
fourth category could be added—12 
V and below. The time may come 
when we will see power FETs, like 
logic ICs, rated at 6 V. 

As IGBTs gain switching speeds 
and their forward voltage drops 
(conduction loss) shrink, the voltage 
at which they become the switch of 
choice becomes a similar moving tar- 
get, falling to lower levels. Original- 


ly aimed at applications of 500 V and 
above, they’re now finding homes 
handling voltages ranging between 
200 and 300 V, and they may ulti- 
mately find applications at 100 V. 
Not all suppliers agree that IGBTs 
can move to applications below 500 
V. Likewise, the original maximum 
practical switching frequency of 20 
kHz has risen to over 100 kHz and is 
still climbing. This year should see 
200-kHz IGBTs. 

As noted earlier, most power 
FETs require at least 10 V between 
gate and source to reach full en- 
hancement. That is, they need at 
least 10 V to turn on hard enough to 
achieve minimum specified Rpg, 
However, about 10 years ago, Harris 


A SAMPLING OF THE LATEST LOW-VOLTAGE MOSFET PRODUCTS 
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Semiconductor (then RCA) an- 
nounced what they called logic-level 
FETs (RCA gave them the acronym 
L? FETs). They were designed and 
specified to be enhanced with just 5 
V of gate-to-source voltage (V,,.). 
Both International Rectifier and 
Motorola soon followed suit. Gener- 
ally speaking, these FETs had break- 
down voltages in the range of 50 or 
60 to 100 V, although Harris now of- 
fers devices with ratings to 200 V. 
Some early L? FETs, albeit in large 
packages such as the TO-247, could 
handle up to 50 A. However, they 
didn’t find homes in the computer 
world or in low-voltage switching 
power supplies. That’s because in 
most applications, the L? FETs still 
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require high-current drivers for 
their highly capacitive gates. The 
drivers, which usually run off at 
least 15 V, easily provide the 10 V 
needed to turn on the lower-priced 
conventional n-channel FETs pro- 
duced in large volumes for low-volt- 
age switching power supplies. 

But these 60-V, high-current L? 
FETs did find homes as static switch- 
es in automotive applications. In 
automotive tasks, their 60-V break- 
down rating handles “load dump.” 
And the need for only 5 V of drive 
ensures operation regardless of how 
low the battery voltage drops. Here, 
these FETs are comfortable driving 
solenoids, high-current contactors 
(relays), lamps, and even motors. 


cineanen! voltages of 5 V or ne | 
and come in smaller packages (the 
SSOP is being considered, for 


pertex’s popcaust 
can be turned on os 


. In lots of moe h 


N I C€ 


pr epempecncda le 
drain current runs 600 | 
mum turn-on delay, rise | 
-off delay, and fall time ie 
, and 8 ns, respectively. | ¢ 
body-drain diode can | is 
mA, the diode can’t | 
with the FET—its re- | 
overy time is typically | 


However, the need for efficient, low- 
voltage switches that turn on hard 
with gate-to-source voltages of 5 V 
or less—brought on by portable bat- 
tery-powered systems—fostered an 
increased demand for such devices. 
This has resulted in a number of im- 
pressive technology advances. 


LOWER ON-RESISTANCE 

Lower on-resistance and its atten- 
dant lower forward voltage drop and 
conduction loss represents the “holy 
grail” strived for by today’s semi- 
conductor power-switch designers. 
Multiplied by the load current, on-re- 
sistance results in the forward volt- 
age drop and, ultimately, conduction 
losses (the product of the forward 
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voltage drop and the load current). 
Since International Rectifier first 
announced cell-based FETs about 15 
years ago, the Rp...) of available, 
low-voltage, FETs has dropped by at 
least an order of magnitude in 
successive generations of processes. 
One should note too, that the attack 
ON Ry gion is far from over. 

In reality, the challenge for the 
vertical DMOSFET designer is to im- 
prove the FET’s specific on-resis- 
tance—that is, to decrease the Ro gon) 
per unit area of silicon (the resis- 
tance seen between the FET’s source 
and drain terminals divided by the 
area of the die). Rather than use spe- 
cific on-resistance (a legiti- 
mate unit of measure), the 
industry tends to employ 
the “resistance-area prod- 
uct” or “R X A” asits figure 





of merit for the normalized | 
Rosion) Of FET die—regard- | 
less of size—coming off a | 
particular process or pro- | 
cesses. 

Like specific on-resis- | 
tance, minimum R x A isthe | 
goal. According to Interna- | 
tional Rectifier, the past 15 | 
years has seen R X A drop | 
from 12 mQ-cm? to 2.2 mQ- 
cm”, and next year FETs 
based on R X A products of 
1.2 m0Q-cm? are likely. 

Looking at a simplified cross-sec- 
tion model of a cell in a typical n- 
channel vertical DMOSFET reveals 
that about a dozen resistances in se- 
ries make up its on-resistance (Fig. 
1). Advances in reducing Ry, have 
come about by attacking these resis- 
tances separately and in concert (see 
“Power MOSFET and IGBT ba- 
sics,’’ p. 64). 

The package resistance includes 
bond wires, the leadframe, and the 
leads (surface mount) or pins 
(through hole). The source metal on 
the die ties the sources of all the cells 
together. The channel resistance—R 
(channel)—prevents drain-to-source 
conduction when V,, equals zero, 
just as in any enhancement-mode 
FET (junction or MOS). By applying 
sufficient V,., the p-type silicon in 
the channel turns into n-type silicon 
and the channel drops to a very low 
resistance. 

The model of the vertical DMOS- 
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FET is modeled as a conventional 
low-voltage ‘lateral’? MOSFET, 
with its channel turned on by the ex- 
ternally applied gate-to-source volt- 
age (Fig. 1a). In this model, the later- 
al FET drives a higher-voltage “ver- 
tical JFET” connected in a cascode 
configuration (Fig. 1b). In fact, more 
complex versions of this model creat- 
ed over 10 years ago by Frank 
Wheatley, H. R. Ronan, and Gary 
Donley at RCA can be used in 
DMOSFET Spice simulations (this 
model and several others are now in 
the Harris MOSFET databook as ap- 
plication notes). 

When the gate of the “lateral’’ 























deep within its structure lowers the on-resistance by eliminating 
the JFET region. 


nMOS FET is positively biased rela- 
tive to the n bulk silicon, an accumu- 
lation layer—R (accumulation)— 
forms in the n region below the gate. 
This accumulation layer becomes the 
drain of the “lateral’’ FET and the 
source of the “JFET.” The JFET 
channel now consists of the region 
between the p- body diffusions that 
act as the gate of the “JFET.” The 
channel’s drain connects to the 
spreading and bulk regions, forming 
the drain region of the basic vertical 
DMOSFET. Produced in the epitaxi- 
al layer, the bulk and drain regions 
must stand off most of the drain-to- 
source voltage applied to the vertical 
DMOSFET. 

Consequently, the current flow in 
each cell is “T-shaped” (from which 
Motorola created the T-shaped logo 
for its power FETs and trademarked 
them “TMOS”). The current flows 
laterally from the source metal on 
the top of the die, through the 
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source, channel, and accumulation 
resistance, and then vertically 
through the JFET, the spreading, 
bulk, and substrate resistance, and 
finally to the drain metal on the die’s 
bottom. The cells can be of any 
shape, as long as it optimizes pack- 
ing density (to minimize R x A). For > 
example, Motorola employs square | 
cells, while International Rectifier 
uses hexagonal cells (thus their 
trademark “HEXFET”’’), and some 
designs employ stripes. Regardless 
of cell shape, the channel surrounds 
the accumulation region, the source 
material surrounds the channel, and 
the p- body material (a p-well) sur- 
_ rounds the JFET region. 

As noted earlier, not only 
do major differences sepa- 
rate high-voltage and low- 


raises cell density (the num- 
| ber of cells per square inch 
| of silicon). Whereas early 
——_ International Rectifier 
FETs employed on the order 
of 500,000 cells/in.2, the 
company as well as Harris, 
Motorola, Siliconix and Na- 
tional Semiconductor have an- 
nounced FETs employing 5,000,000 
to 7,000,000 cells/in.? to achieve R x 
A products of less than 2.5 mQ-cm?. 


HIGHER CELL DENSITY 


Increasing the cell density by cut- 
ting cell size attacks several of the 
individual series resistances. It most 
affects the channel resistance, which 
easily forms about half the Ryg,,,) of 
a low-voltage FET. And R x A drops 
almost directly as cell density climbs. 
Upping cell density also reduces the 
n* source resistance, the accumula- 
tion resistance, and even the spread- 
ing resistance. 

Several other process advances in- 
crease the R X A product. For exam- 
ple, employing shallower junctions 
for the p well and the source implant 
not only lowers the channel and 
spreading resistance, but it shortens 
the JFET, diminishing its resistance. 
Reducing gate-oxide thickness im- 
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proves the enhancement for a given 
Vag, although it usually decreases 
the maximum V,,.. 

Most of the action in a power MOS- 
FET occurs within the top few hun- 
dred microns of the surface. The re- 
mainder (the substrate) merely acts 
aS a supporting structure during 
processing, testing, and packaging. 
However, because most power FETs 
are built on 6-in. wafers that are 
about 0.5 mm (20 mils) thick, high-re- 
sistivity substrates can significantly 
impede the goal of ultra-low on-resis- 
tances. As a result, FET suppliers 
are turning to low-resistance sub- 
strates, in which arsenic doping re- 
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places the usual antimony doping. 
Further reduction in R X A is 
achieved by using thicker source 
metal and multiple or thicker bond 
wires, or even by moving to gold 
bond wires. 

Can anything be done to drop the R 
x A for FETs rated for drain-to- 
source voltages much above 100 V? 
Yes. As the rated breakdown voltage 
of a FET climbs above 100 V, the epi- 
taxial material (epi) becomes respon- 
sible for greater portions of the 
Rogiony Because it must stand off 
most of the drain-to-source voltage, 
the epi material can represent 70% of 
Rogion for 250-V devices, and over 
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90% for 1000-V FETs. 

It’s been said that trying to reduce 
the epi resistance is, in effect, “fight- 
ing physics.” High-resistivity silicon 
must be used to stand off the high 
voltage. Over the last few years, 
however, the quality of the epi mate- 
rial has improved. In particular, the 
tolerance on both its thickness and 
resistivity has increased. Conse- 
quently, for example, FET designers 
need not specify a higher voltage epi 
(with its higher resistivity) than nec- 
essary to ensure they get the volt- 
age-handling ability required by a 
particular device. 

In the 250-V FET arena, about 20% 
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of the Rp... comes from the JFET. 
But so far, no supplier has attacked 
that phenomenon. That could be be- 
cause no one sees a way around that 
situation, or maybe because it’s be- 
ing attacked by the IGBT as it climbs 
in speed without increasing its for- 
ward drop. 


JFETs INDMOSFETs 

In the under-100-V area, however, 
the MOSFET’s JFET is under at- 
tack. Long the subject of conference 
papers from academia and compa- 
nies, Siliconix has moved to a 60-V 
“trench” process (Fig. 2). Borrowing 
from memory technology, the com- 
pany’s technologists inserted the 
gate deep into the bulk region by iso- 
tropically etching a vertical trench, 
oxidizing its side walls, and back-fill- 
ing the oxide-walled trench with po- 
lysilicon. The vertical p-channel sur- 
rounds the gate’s sidewall. The 
trench gate not only eliminates the 
JFET and its resistance from the de- 
vice, but it also significantly reduces 
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the spreading resistance in the epi 
layer while increasing potential cell 
density. Now,current flows almost 
ver 

tically between source and drain. 

FET on-resistance is like most 
real-world problems. The trick is to 
find the optimum value or configura- 
tion for its solution. For example, the 
push for higher cell-density levels 
faces some limitations. If the cells 
are packed too tightly, the JFET re- 
sistance starts to climb. Thus, by 
eliminating the JFET altogether, 
trenching also permits greater cell 
density. 

While the conventional DMOS- 
FET has moved to voltages of 30 V 
and lower to increase cell density and 
lower JFET resistance, the trench- 
ing technique will find homes for de- 
vices rated at 60 V or more. In these 
cases, the JFET resistance contrib- 
utes a larger share of the on-resis- 
tance. It will be interesting to see if 
trench technology moves to higher- 
voltage FETs to combat the on- 


slaught by the IGBT as its switching 
rate climbs. 

Upping cell density faces other 
limiting conditions. If the cells are 
too small, channel resistance actual- 
ly goes up. In addition, dropping con- 
tact size raises contact resistance; 
and too shallow diffusions raise the p 
well (body) resistance. 

Because most suppliers of MOS- 
FETs and IGBTs are one and the 
same, the battle isn’t between com- 
petitors in the marketplace. Instead, 
the battle is waged between technol- 
ogists and marketers within compa- 
nies. But if one supplier surprises 
the world with an affordable 250-V 
FET that can come close to an 
IGBT’s forward drop—and switch 
ten times as fast—that company 
may have a tiger.L] 
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What do they mean I shoulda called Prem 
for genuine surface mount transformers? 


I really shoulda called Prem. 
You oughta call Prem!” 


For Prem’s new catalog or additional product information, call or write 


Prem Magnetics, Inc. 
3521 North Chapel Hill Road, McHenry, IL 60050. 
Phone: 815-385-2700. FAX: 815-385-8578. 
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peP aM A/D Family Feature 
eliciency for bandwidth? HI1276, 8-bit, 500 MSPS 
Trade up to this family of high- ¢3(00 MHz input bandwidth 
speed A/D converters, designed ¢ 2.8 W power consumption 
for high-speed instrumentation, HI1166, 8-bit, 250 MSPS 
communications, and profes- °250 MHz input bandwidth 
sional video applications, Asa ¢ 1.4 W power consumption 
group, their speed is hard to x HI1396, 8-bit, on wi 
= ¢ 200 MHz input bandwidt 
- ern you combine =e ¢ 870 mW power consumption 
with their low power con- im 
; HI1386, 8-bit, 75 MSPS 
— pais 2 ¢ 150 MHz bandwidth 
touch them. There's a whole ¢ 580 mW power consumption 
f fr 
pablo tacoma HI1175/6, 8-bit, 20 MSPS 
210) MSPS to 500 MSPS - ¢ 18 MHz bandwidth 
in avariety of configurations - ¢ 60 mW power consumption 
and with lots of builtin extra ¢ Built-in voltage reference 
features, So get the performance |= D/As also available: 
‘ice ec 1 = : S Hi H120201, 10-bit, 160 MHz update rat 


H120203, 8-bit, 160 MHz update rate 


power supply a break. HI1171, 8-bit, 40 MHz update rate 


: Nothing runs as far “it as fast on s0 little power as a Harris data converter. Except maybe these high 
Ss 4 > G energy in-line skates. On a single kick, they attain a theoretical straight-line speed of 115 mph, and 
a | op maintain that speed for 45 minutes. (Actual specs will be available following the completion of a 





» se 86.25-mile test sidewalk.) 
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DESIGN APPLICATIONS 


()PTIMIZE MICROPROCESSOR 
SUPERVISORY CIRCUITS 


HERE’S SOME TIPS FOR DESIGNING RELIABLE CIR- 
CUITRY FOR Vcc MONITORING, BATTERY BACKUP 
AND WATCHDOG FUNCTIONS. 


ll microprocessor-based systems require support cir- 
cuitry to prevent erratic operation during startup and 
when going into or coming out of a power-down mode. 
This circuitry can consist of no more than a simple 
power-on reset generator, or may be sophisticated 
enough to include such diverse functions as backup- 
battery management, memory-write protection, and 
LEN SHERMAN and DOUG VARGHA watchdog timing to monitor software execution. 
Maxim Integrated Products, Often, these functions can be provided by a system supervisory circuit—a 
120 San Gabriel Dr., Sunnyvale, CA specialty IC designed to provide common housekeeping functions. In a number 
94086; (408) 737-7600. - of applications, though, digital designers find that a straightforward application 
of the circuit isn’t enough to make it do everything needed. Sometimes just a 
reinterpretation of specifications is all that’s required; other times additional 
circuits must be added around the su- 
pervisory circuits. 

Many common problems that arise in 
power management have relatively 
simple solutions. This article examines 
some practical solutions that require 
: more than simply dropping in a super- 

Vec BATT on Vout visory chip. These solutions go beyond 
| Vearr _ the basic operating conditions and typi- 


cae cal cases usually found in the manufac- 
artia 





turer’s data sheet. 


BACKUP MANAGEMENT 


Backup batteries assure that critical 
circuits such as the memory and real- 
time clock receive uninterrupted power 
when the primary power source is re- 
moved. In many older as well as very 
low-cost systems, diodes are typically 
used for backup-battery switchover. 
MAX691A But those diodes may have an exces- 
(Partial) sive forward voltage drop or high 
leakage currents, resulting in an inef- 
ficient solution. 

Microprocessor supervisory circuits 








I. EXTERNAL, low-loss transistor switches enable the can eliminate such inefficiencies be- 
MAX6914A to deliver more RAM current for normal operation. cause they use integrated CMOS 
Either a pnp bipolar transistor (top) or a p-channel MOSFET switches. The MAX691A is typical of 
(bottom) can be used as the external current switch for the RAM — such integrated circuits—it employs 
array (an internal switch handles the backup-battery current). low-resistance (0.8-Q) switches to han- 
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upply and switches in the standby source. 


dle the Vcc load current when the 
RAM is active, and a smaller (15-Q) 
switch connects to the battery during 
standby operation. The main Vcc 
switch can turn on or turn off loads of 
up to 200 mA. 

Inspecting various RAM data 
sheets may lead a design engineer to 
the conclusion that a 200-mA rating 
isn’t high enough to supply the re- 
quired load current. However, this 
conclusion could simply be a misinter- 
pretation of the data sheets. 

For example, consider the condi- 
tions for maximum supply current in 
a static RAM (SRAM): the manucac- 
turer’s operating-current specifica- 
tions for such devices usually as- 
sume a minimum cycle time and a 
100% duty cycle. The specifications 
also assume that read and write cy- 
cles occur at the maximum rate. 
Such conditions often apply for high- 
speed processors, and for them, the 
RAM currents actually approach the 
specified limits. 


SLOWER RAM CYCLES 


Processors and microcontrollers 
operating at lower rates (1 to 4 MHz), 
however, produce slower RAM cycles 
that draw less current. This current 
often can be handled by supervisor 
ICs with internal current switches, 
which might otherwise seem inade- 
quate in terms of the maximum speci- 
fied RAM current. 

Some (not all) SRAM manufactur- 
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2. BY SOURCING SRAM CURRENT from the 


battery via the comparator output, this backup circuit has no trouble 
with battery voltages that exceed Vcc. The low-current MAX921 
omparator controls the p-channel MOSFET, which cuts off the main 
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3. TO ENSURE THAT THE BACKUP battery can 


support its standby load, the MAX703 comparator and inverted 
| external npn transistor lets the microprocessor load the battery. 
This approach allows the battery's output voltage to be checked 


‘under loaded conditions. 


ers make it easier to derate their prod- 
ucts’ supply current by specifying it at 
longer cycle times (1 us, for instance) 
in addition to the minimum. By derat- 
ing the speed, the operating current 
at 1 us can drop to less than one-third 
of its value at the memory’s minimum 
cycle time. SRAMs aren’t alone in the 


Dt Rg 150 


3.6-V NiCd = — 


backup battery S 


2.4M 





derating game—dynamic and pseudo- 
static RAM (DRAM and PSRAM) op- 
erating currents also can be derated 
based on the access rate or operating 
clock speed. When idle, though, 
DRAMs and PSRAMs draw more 
current. However, that drawback is 
often offset by the fact that they’re 
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Status 
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VV 06 


D4 
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4. AS LONG AS THE BATTERY VOLTAGE STAYS ABOVE 2.4 ¥, this 
analog latch (based on the MAX921 micropower comparator) keeps the Battery Status 
‘output high. When Vcc returns, the Battery Status will be low only if the battery ever fell too 
low (below 2.4 V) during a power outage. The results were obtained using a NiCd battery while 
the power was out. 
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usually available in 4X higher densi- 
ties than SRAMs. . 

If, however, load currents exceed 
200 mA, some supervisory circuits al- 
low an external switch to override the 
internal Vcc switch (Fig. 1). In this 
alternative, a logic output which typi- 
cally indicates that the backup bat- 
tery is being used will drive an exter- 
nal switch. Either pnp bipolar transis- 
tors or p-channel FETs can be used to 
control up to 500 mA (Fig. 1 top and 
bottom, respectively). 

The transistor costs less, but the 
MOSFET is generally preferred. 
This is especially true in 3.3-V sys- 
tems, now that PMOSFETs with low 
gate thresholds are available. The 
MOSFET offers a lower forward 
drop (0.1 Q rpgion) and it eliminates 
base-current losses. What’s more, 
with the inverted configuration 
shown, the MOSFET’s drain-source 
body diode blocks the unwanted flow 
of current from output to Vec during 
backup. 


+0-V backplane 


*Rg for optional 
hysteresis 


**Charger details not shown: 
consult manufacturer's data 
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Notes: 

03 to 07 are 2N3904 
transistors 

K1 is an Omron latching 
relay, G6EK-134P-ST-US-DC 






“generates the 5-V backup supply voltage. 
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SIMPLE POWER MONITORING 


A high memory-supply current isn’t 
the only problem associated with 
backup-battery switchover. Another 
problem often encountered shows up 
when the battery used as the backup 
power source is a lithium cell and the 
switchover is for a 3.3-V system. In 
this case, a fresh battery’s terminal 
voltage (3.6 V) can exceed the lower 
legal limit of Vcc (3.0 V). 

Both microprocessor supervisory 
ICs and simple diode-ORing tech- 
niques don’t function well under this 
condition. The voltage disparity would 
cause a substrate switchover problem 
with supervisory circuits, and the di- 
ode-ORing scheme would discharge 
the battery. 

One way around this dilemma is to 
use a low-current comparator and a 
small number of discrete components 
for switchover (Fig. 2). With such an 
approach, the comparator’s output 
controls MOSFET Pj, as well as pro- 
vides backup power when V¢¢ fails. 
With Vcc greater than 3.0 V (Vcc 
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valid), the comparator’s output is 
low, turning on P; and connecting 
Vcc to the SRAM. With Vcc less 
than 3.0 V, the comparator’s output 
is high, turning off P; and connecting 
the backup battery to the SRAM via | 
the comparator’s rail-to-rail output 
stage and diode Dj. 

In addition to providing backup- 
battery switchover, microprocessor 
support circuitry also must verify that 
the backup battery is charged. Many 
supervisory circuits provide a compa- 
rator for this function. The compara- 
tor can signal a loss of the backup 
supply before it’s needed. Also, while 
the main power is still present, the 
device allows time to replace or re- 
charge the backup supply. 


HIGH BACKUP CURRENTS 


A simple comparator is adequate 
when the backup battery needn’t sup- 
ply much current. However, other 
methods are required when the 
backup current is significant (hun- 
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. A FULL BATTERY-BACKUP SUBSYSTEM WHICH SUPPLIES, 5V AT 1 A, toa backplane, can be 


plemented with a 5-cell NiCd battery stack and various circuits. These circuits provide the battery charging (MAX713), low-power comparators 
MAX802M and MAX921), and a moderate-current low-dropout voltage regulator. The regulator, built from discrete transistors Qo, Q3 and Q4, 
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dreds of microamperes to tens of mil- 
liamperes). A backup battery will ex- 
hibit significantly higher terminal 
voltages when unloaded than when 
it’s heavily loaded. Therefore, the 
backup battery should be tested un- 
der load to verify that it will provide 
the necessary support during standby 
(Fig. 3). 

To perform a test under load, the 
battery connected to a MAX703 su- 
pervisory circuit is loaded by a com- 
mand from the host microprocessor, 
which grounds the Rj-Rg network via 
an inverted transistor. Typically, R, 
and Re would present a much higher 
impedance—and therefore, wouldn’t 
load the battery, with Ro returned to 
ground. Using lower-valued resistors 
allows the battery to be loaded as it 
being tested. 

FETs can be used, but a small bipo- 
lar transistor (such as a2N3904) is less 
expensive. The inverted configura- 
tion provides a small forward drop of 
only 2 mV. The transistor’s beta is 
approximately unity, but for small 
loads (125 nA) the base current also is 
small. A low output on pin 5, the 
Power Fail Output (PFO), indicates 
during a battery test when a battery 
voltage is below 2.5 V (other functions 
of this circuit include battery 
switchover and power-on reset). 


WHILE You WERE OUT.... 


At times, more than just the imme- 
diate status of the backup battery is 
required—during long periods of un- 
attended backup, just the knowledge 
that the backup battery ever went low 
could be important. 

For instance, information concern- 
ing whether or not the backup battery 
was discharged excessively during a 
power failure, and then recharged 
when the power returned, could be 
useful. A simple comparator circuit 
-couldn’t detect that the backup bat- 
tery had been low, and that data had 
possibly been corrupted. 

To verify battery status without re- 
sorting to an intelligent charger, the 
battery can be monitored with an ana- 
log latch made from a micropower 
comparator (such as the MA X921) and 
a reference (Fig. 4). The “Battery 
Status” output, normally high, re- 
mains so during a power failure unless 
the battery voltage falls below 2.4 V. 
If the voltage should fall below 2.4 V, 
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the status output goes low and pulls 
the noninverting input to within a di- 
ode drop of ground. 

The status output remains latched 
in the low state after the battery volt- 
age returns to normal, serving as an 
indicator that something happened to 
the battery voltage which may have 
affected the memory. This informa- 
tion allows the system to verify mem- 
ory contents and the battery before 
resetting the latch (by pulsing the 
“Reset Input”). Large resistor values 
for Rj, Re, and Rg minimize drain on 
the battery, while R4 and Rs bias the 
hysteresis input to provide 50 mV of 
comparator hysteresis. Those resis- 
tors simplify calculations because 
they set the hysteresis level inde- 
pendently of the comparator’s trip 
thresholds. 


BEYOND MEMORY BACKUP 


Microprocessor supervisory  cir- 
cuits with battery switchover can 
comfortably supply current to RAM 
and real-time clocks via the small bat- 
teries and switchover circuits dis- 
cussed earlier. But special steps must 


Voc 

_ From Watchdog Input 
microprocessor 
/0 lines MAX691A** 


OSC In 
OSC Select 


No connect* 


No connect* 
(*Pins must float) 


Use as Reset 
output 
(second watchdog 


flag) : 


Power Fail <4 Power Fail Input 


be taken by the designer if the system 
must do more than retain memory 
when the power fails. For example, if 
a system has to write large data files 
to a hard disk, or send data over a 
network to a file server after power is 
lost, the system will obviously require 
backup power comparable to that of 
normal operation. 

In this case, a supervisory circuit 
can only provide switchover control 
and other housekeeping functions. 
Higher-power circuitry is needed to 
handle the current. In one such ar- 
rangement, a 5-cell NiCd or NiMH 
battery stack provides the substantial 
backup power (Fg. 5). 

The circuit, using the component 
values shown in the figure, can supply 
1 A during backup. Even more cur- 
rent can be delivered if components 
with higher power ratings are used. 
Alternatively, power requirements 
can be reduced by slowing down or 
turning off certain machine functions 
to avoid overloading the output dur- 
ing backup operations. 

The supervisory circuit provides a 
“Backplane OK” signal, which in- 


First watchdog flag 
(to nonmaskable interrupt) 


Ry 330k Ro 1M 


Watchdog Output 


Reset 
1 uF 
To microprocessor 
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** Battery switchover functions not shown for clarity 
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seconds 


6. THE FIRST WARNING generated by this two-stage watchdog timer is a software 


reset to the microprocessor’s NMI input (top). The second and subsequent watchdog timeouts 
produce hardware-reset pulses at the Power-Fail Output line (bottom). 
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PABX systems and more. 
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availability ‘Independent transmit/ 
receive channels 
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7579/A-law 


Parts and Partnership 
Oki’s advanced IC family is 
fully backed by customer- 
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every stage, from design 

to manufacture. 
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forms the system that full-speed op- 
eration is safe (because the line-pow- 
ered 5-V supply voltage is within tol- 
erance). If the supply falls below 4.5 
V, this signal (inverted) turns off the 
backplane switch (Q,) and turns on 
Qs, activating a discrete-transistor, 
low-dropout regulator (Qs, Qs, and 
Q.4) that generates 5 V from the bat- 
tery output. 

Comparator Uz helps prevent the 
battery damage that can ac- 
company a deep discharge by 
sensing the battery voltage 
and asserting the “Battery 
OK” signal low. 

Thus it generates a warn- 
ing that lets the system per- 
form its last-minute house- 
keeping duties before issu- 
ing a command (via relay K,) 
to disconnect the battery. 
The battery is charged with 
a fast-charger circuit, Us. 


TWO-STAGE WATCHDOG 


A microprocessor-supervi- 
sor IC also handles the func- 
tion of watchdog timer. Typi- 
cal watchdog circuits moni- 
tor a system’s software exe- 
cution via activity on a logic 
or I/O line, asserting a reset 
or nonmaskable interrupt if 
the activity ceases for a pre- 
determined time. This action 
assumes that a crash halts 
software execution, and that 
continuing activity indicates 
all is well. 

It’s important to consider 
that remote systems and 
critical control applications 


may require a_ two-layer 7. THIS MICROPOWER MONITOR based on the 


MAX932 draws a mere 6 LA. It can issue an early-warning interrupt 
ignal (INT) 100 [1s before the reset signal. A large bypass capacitor 
0.1 LF) connected to the comparator’s positive supply pin holds up 
he voltage to the comparator long enough for the host processor to 

~ perform a controlled shutdown. 


watchdog—a feature that’s 
not standard in supervisory 
ICs. In a two-layered sys- 
tem, the first watchdog fail- 
ure triggers a nonmaskable 
interrupt (NMI) that resets 
the executing application program. 
Then, if software execution doesn’t re- 
sume, the second failure triggers a 
hardware reset via the microproces- 
sor’s Reset input. 

A single-IC approach can provide 
such a two-level watchdog timer (Fig. 
6, top). When toggling stops at the 
Watchdog Input (WDI), the IC’s 
timer waits 1.6 seconds and then pulls 
the Watchdog Output (WDO) and Re- 
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- set lines low. WDO remains low until 


the next input transition at WDI, but 
Reset returns high after 200 ms. Until 
WDI changes state, WDO remains 
low and Reset issues a 200-ms nega- 
tive pulse every 1.6 seconds. 

Delay network R,-C, with summing 
resistors Rg and Rg performs a logic 
function that would otherwise require 
a second IC. Acting as summing resis- 
tors for the Power-Fail Input (PFI) 


1M, 1% 


348k, 1% Ro 





comparator, Ro and Rg assure that the 
Power Fail Output (PFO) remains 
high until both resistors see logic-low 
signals (Ry-C, delays the low state at 
Rg). As a result, Reset issues a soft- 
ware reset following the first watch- 
dog timeout, and PFO issues a hard- 
ware reset following each subsequent 
timeout (Fig. 6, bottom). If necessary, 
the duration of these nominal 1.6-sec- 
ond timeout periods can be adjusted. 
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Interrupt 


Basic supply-voltage monitors is- 


sue a nicroprocessor reset signal | 
when tle primary supply voltage | 
(typicall:’ 5 V) falls below a specified | 


minimun .. One such approach to doing 
this uses a comparator and voltage 
reference. Other more useful circuits 
include a delay that provides time for 


necessar 7 housekeeping tasks before | 
the syste n resumes normal operation | 


(assumin ¥ the power is restored). 


The simplest solution for | 


| his reset function is a single 
supervisory IC that elimi- 
lates the external compo- 
1.ents otherwise required for 
timing and for setting the 
\ oltage thresholds. Further- 
jfore, the IC’s factory- 
trimmed threshold often has 
¢ reater accuracy than that of 
é discrete circuit (whose er- 
1 or includes the reference ac- 
curacy, comparator offset, 
and resistor tolerance). Thus, 
using a dedicated IC can 
eliminate the need for board- 
level trimming. 

Although such supervi- 
Sory chips are somewhat 
n.ore costly than an RC net- 
v ork connected to the micro- 
processor-reset pin, their 
precise voltage monitoring, 
bownout safeguard, fast re- 
sonse, and other functions 
o fer far more comprehen- 
sive protection. However, 
een the lowest-power su- 
p-rvisory circuits consume 
alitywhere from 25 to 100 uA 
0] supply current. 

Because battery opera- 
ti n may require the conser- 
viition of every microam- 
pere to maximize battery 
liie, these supervisory cir- 
ciits may not suffice. For 
aj plications that require 
m nimal quiescent current, 
a low-curient dual comparator can 
perform tl e voltage monitoring and 
reset func ‘ion while drawing only 6 
UA (Fig. 7). 

It also g »nerates an interrupt out- 
put (INT) t aat precedes the Reset sig- 
nal by 100 is. INT gives the proces- 
sor an early warning, allowing the 
system to derform its housekeeping 
chores be:ore the hardware reset 
takes place. 


Reset 
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For the dual-comparator circuit to 
work, Vcc must not fall too sharply 
between INT and Reset (as it will 
when the battery is abruptly re- 
moved). Therefore, a large bypass ca- 
pacitor is needed to hold up Vcc until 
the processor can execute a clean 
shutdown. 

The capacitor’s value depends on 
the load current. With a 10-mA load 
and a 10-uF’ capacitor, for example, 
Vcc drops only 0.1 V during the 100- 
us window between the INT and Re- 
set signals. 


MOonmToR MULTIPLE SUPPLIES 


In addition to keeping an eye on 
the main supply voltage, the power- 
monitoring circuits often have to 
keep tabs on additional voltages 
used in the system. Many systems 
not only rely on a stable Vcc, but 
count on other voltages to stay in 
tolerance as well. For instance, a low 
voltage supplied to a solenoid or mo- 
tor might require a warning to the 
processor indicating that a valve 
could be partially open. 

Another reason to monitor a volt- 
age other than Vcc is to provide an 
early warning indication of supply 
failure. For example, assume a cen- 
tral-office battery stack serves as a 
main (or backup) source for a tele- 
communication system’s negative- 
supply voltage. In addition, assume 
that voltage, in turn, is converted to 
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-48 V input 
(-32 to -72 V) 


18. BY MONITORING THE NEGATIVE source voltage for a 5-V de-de converter, the MAX802L comparator can deliver an early 


arning to the system if the negative supply starts to fail. The resistor divider, composed of a 20-kQ and a 187-kQ resistor (both within 1% 
olerance) connected from the 5-V supply output to the negative supply, is the key to monitoring the negative supply. 


Sumida CD54-151M 


150 wH 
Ly 


) 1N5804 


AGND 
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5 V by aregulated de-de converter. 

It would be helpful if the supervi- 
sor could monitor both the 5-V level 
and the negative input voltage (-32 
to —72 V, and —48 V, nominally). By 
monitoring the negative supply from 
which the 5-V level is derived, the 
system can get a slight advance 
warning of an impending crash in the 
5-V supply. 

Multiple comparators or a mul- 
tichannel analog-to-digital converter 
can monitor multiple supply voltages. 
Comparators are usually preferred 
for fault monitoring. They respond 
more quickly, consume less power, 
and do the job without requiring (or 
assuming) that the system is operat- 
ing normally. Many supervisory cir- 
cuits include an extra comparator that 
does the job quite nicely. 


MONITOR NEGATIVE VOLTAGES 


Although the extra comparator on 
microprocessor supervisory circuits 
generally monitors only positive 
voltages, it’s not strictly limited to 
that function. By slightly modifying 
the external circuitry, designers can 
also use it to monitor negative volt- 
ages (Fig. 8). 

The external circuitry includes a re- 
sistor divider connected from the out- 
put to the extra comparator, with one 
end returned to Vcc instead of to 
ground (which is typically the case). 
That connection scheme allows a 
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negative voltage to be monitored. 

Once the proper resistor values 
are chosen, when the negative sup- 
ply falls to less than —32 V, the “—48- 
V Low” output from comparator Us 
(the MAX802L) activates a micro- 
processor interrupt that protects 
the memory contents before the 5-V 
supply can fall (and before a reset 
occurs). This circuit, though, has one 
drawback: The 5-V output must be 
in regulation because it serves as a 
reference for the —48-V sensing net- 
work. Comparator Us also protects 
the memory by switching the RAM 
power line from Vcc to a lithium 
backup battery, connected to the 
Vpatr pin. Switching regulator U, 
(MAX721) generates a 5-V level 
from the negative telecommunica- 
tions supply. 0 


Doug Vargha, an applications engi- 
neer at Maxim, holds a BSEE from 
the University of Washington. 

Leonard Sherman, who serves as 
applications engineering director at 
Maxim, previously designed labora- 
tory instrumentation with the techni- 
cal staff at the Massachusetts Insti- 
tute of Technology. 
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> cee) CVOMBINATION FILTER 
920 


ELIMINATES OP AMP 


FRANK N. VITALJIC 
514 13th St., Bellingham, WA 98225. 


he classic “state variable” 

two-integrator filter is 

known for its insensitivity to 

component variations, and 
its ability to provide three separate 
simultaneous outputs—low pass, 
high pass, and bandpass. 

Typically, a quad op amp is used to 
implement the state-variable filter. 
The classic configuration employs 
two integrating amplifiers, a filter 
input amplifier, and a filter feedback 
amplifier. 

The design described here com- 
bines both input and feedback amplli- 
fiers into one adder/subtractor am- 
plifier, achieving a three-op-amp fil- 
ter design (see amplifier UA in the 
figure). 

The time constant T, (= R,C,) of 
integrators UB and UC should be at 
least five times smaller than 1/F, 
where F is the filter’s maximum 
bandwidth in hertz. The filter’s gain 
and damping ratio are independently 
adjustable by resistors R, and R,. 

The bandpass center frequency 
adjustment (resistor R,) influences 
both the low-pass gain and damping 
characteristics. Feedback resistors 


Rand R’ of amplifier UA can be arbi- 
trarily and independently set be- 
tween 5 k and 20 kN, typical. 

R,, R,, Rz, R,, R, and R’ are prefer- 
ably a monolithic resistor network. 
Because circuit action depends sole- 
ly upon the ratios of these resistor 
values, the temperature tracking ra- 
tios would be nearly ideal in a mono- 
lithic network. The two R, resistors 
can also share the same monolithic 
network for maximum component 
density. 

The accompanying box first lists 
the prototype equations for the filter 
circuit shown in the figure. The sec- 
ond part of the box lists the design 
equations for the example of a sec- 
ond-order Butterworth low-pass fil- 
ter with a cutoff frequency of 100 Hz 
and a gain of 10. 

The following steps would be tak- 
en when designing such a filter: 


Using the equation: 

H(s) =-3955150/(395515 + 889s + s*) 
choose a time constant as shown in 
the table: 


T, = 0.001 sec. (i-e., 1/10 of 1/F,). 


Center frequency 


adjust 


(see design 
example) 


Damping 








IN THIS THREE-OP-AMP 2nd-order state variable filter, the adder/subtractor 
amplifier (UA) drives two cascaded integrators (UB and UC). The two integrators bandpass 
output is fed back to the adder terminal 3, and the low-pass output is fed back to the 
subtractor terminal 2. The high-pass output is formed at the adder/subtractor output. 
EL EC. T.Ra@Q NeE.G 


SEPTEMBER 5, 1994 


PROTOTYPE AND DESIGN 
EQUATIONS FOR STATE 
VARIABLE FILTER 


Filter Prototype Equations: 
Characteristic equation: 
D(s) = w2 + 2aw,s + $7 
where: @,, = filter natural frequency in radians/s 
a = damping ratio 
s = complex frequency variable in radians/s 
2 
“Ki To" transfer function 
D(s) 
Gain = a 
ok 
A 
= lo. ; Gain = as 
D(s) K, 


2 
-K,s 


D(s) 


Low pass: H(s) = 


Bandpass: H(s) 


Highpass: H(s) = 


; Gain = K, 


Filter Design Equations: 
Ty = Ro Cy (integrator time constant in seconds) 


K = wo 15 
Q = 1/2a (filter's Q) 


K, = K, + K, (provisional equation, see 
design example in text) 





Then: 

C, = 0.01 pF 

R, = 100 kO 

K, = T?, 3955150 = 3.960 
w*? = 395515 

K, = w? T?, = 0.396 

a = 889/2m, = 0.707 

K, = 2a(K,)/? = 0.890 


Choose: 
R= R’ =10k0 


Then: 

R, = R/K, = 2.52 kN 
R, = R/K, = 25.25 ka 
R, = R’/K, = 11.24 koa 


The provisional equation in the de- 
sign example portion of the table re- 
quires equality for amplifier UA. Be- 
cause K,, K,, and K, don’t form a bal- 
ance for the values calculated previ- 
ously, K, must be added to the left 
side of the provisional equation to 
get that balance. This value is K, = 
K, + K,-K, = 3.96 + 0.396 — 0.890 = 
3.466. 

Next, set R, = R’/K, = 10,000/ 
3.466 = 2.89 kO.. Then connect R, to 
UA terminal 3. Should the reverse 
imbalance occur (although rare), 
find K, = K,-(K, + K,) and set R, = 
R/K,,. Finally, connect resistor R, to 
UA terminal 2.0 
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6) 4 PROTECTION FOR 
H-BRIDGE DRIVERS 


PETER SCHWARTZ 
Linear Technology Corp., 1630 McCarthy Blvd., 
Milpitas, CA 95035;(408) 954-8400. 


uilt-in protection against 
overcurrent in an H-bridge 
de motor driver can be 
achieved with dual-thresh- 
old current sensing. In the circuit 
shown (see the figure), two LTC 
LT1158s are employed as the core of 
a full-bridge de motor driver. Using 
one current-sense resistor, protec- 
tion is provided against overloaded, 
stalled, or shorted motors. For over- 
loads and stalls, the circuit becomes 
a constant-current chopper, regulat- 
ing the motor’s armature current to 
a preset maximum value. For short- 
ed loads, the circuit protects itself by 
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operating at a low duty cycle until 
the short is cleared. 

The LT1158 makes most of the 
functions required for driving power 
MOSFETs transparent to the user, 
as is the case with the “sign-magni- 
tude” H-bridge shown in the figure. 
In addition, the LT1158 contains a 
comparator with a built-in 110-mV 
threshold voltage. 

When two LT1158s are combined 
to make an H-bridge driver, their two 
comparators and a few extra compo- 
nents provide protection against mo- 
tor inrush and overload currents, as 
well as keep the circuit safe in the 


face of a shorted load. 

Each comparator monitors the IR 
drop across one resistor (R,) common 
to the sources of both lower MOS- 
FETs. U1’s Fault output activates a 
constant-current protection mode 
(for startup inrush and overloads, 
while U2’s Fault output triggers pro- 
tection against a shorted load. Given 
a maximum continuous motor cur- 
rent of 15 A, U1’s comparator thresh- 
old of 110 mV determines R:: pense 
of U1 must exceed Vg... by1 10mV 
in order for Fault to go ‘ “low. ” There- 
fore, R, = (0. 110 V/15 A) = 7.5 mQ. 
The Fault pin of U2 is to go lowif I,, 
is > 24 A, soa1.6:1 voltage divider is 
added at U2’s Sense(+) input. C, and 
C, filter any switching spikes that 
appear across R.. 

If the motor is overloaded or 
stalled, its back EMF will drop, caus- 
ing the armature current to increase 
at a rate determined primarily by the 
motor’s inductance. Without protec- 
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motor inrush and overload currents, and keep the circuit safe against a shorted load. The circuit makes use of each LT1158’s built-in 


7 AN H-BRIDGE DRIVER, COMPRISED OF TWO LT1158S AND a few extra components, will provide protection against 


comparator to monitor the voltage drop across the resistor connected to the lower MOSFETs’ sources. 
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tion, this current could rise to a value 
limited only by supply voltage and 
circuit resistance. The necessary 
protection is provided via the feed- 
back loop formed by U1’s Fault out- 
put, U3A, U4B, and U4D. When I,, 
exceeds 15 A, the Fault pin of U1 con- 
ducts, triggering the 40-us monosta- 
ble U3A. The “Q” output of U3A in 
turn forces the outputs of U4B and 
U4D to a logic low state, turning off 
Q1 or Q3 and turning on both Q2 and 
Q4. For the time during which U38A’s 
“Q” output is high, the motor cur- 
rent decays through the path formed 
by the motor’s resistance, plus the 
on-resistance of Q2 and Q4 in series. 

In this application, turning both 
lower MOSFETs on is preferable to 
forcing all four MOSFETs off be- 
cause it provides a low-resistance re- 
circulation path for the motor cur- 
rent. This reduces motor and supply 
ripple currents, as well as MOSFET 
dissipation. At the end of U8A’s 40- 
ws timeout, the H-bridge turns on 
again. If the overload still exists, the 
current quickly builds up to the U1 
“Fault” trip point again, and the 40- 
ws timeout repeats. This feedback 
loop limits the motor current at 15 A 
for any combination of supply volt- 
age and duty cycle that would other- 
wise cause an excess current condi- 
tion. When the armature current 
falls below 15 A, the circuit resumes 
normal operation. 

If there’s a short across the motor 
terminals, the current through the 
H-bridge rises faster than the U1/ 
U8A loop can regulate it. Under such 
conditions, the safe-operating-area 
limits of the MOSFETs could easily 
be exceeded. The necessary protec- 
tion is provided by the second com- 
parator: When the Fault comparator 
of U2 detects that I,, > 24 A, monos- 
table U8B is triggered. The “Q”’ out- 
put of U8B will then hold the Enable 
line of the two LT1158s low for 10 ms, 
resulting in a rapid shutdown and a 
very low duty cycle. After the 10-ms 
shutdown interval, U3B’s “Q”’ out- 
put will return high, and the bridge 
will be reenabled. If the motor re- 
mains shorted, U8B is triggered 
again, causing another 10-ms shut- 
down. When the short is cleared, cir- 
cuit operation returns to that de- 
scribed previously. 

As a class, sign/magnitude H- 
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bridge systems are susceptible to 
MOSFET and/or motor damage if 
the motor velocity is accelerated rap- 
idly, or the state of the Direction line 
is switched while the motor is rotat- 
ing. This holds true particularly if 
the motor/load system experiences 
high inertia. The circuit shown is de- 
signed to provide protection under 
these conditions. The motor may be 


commanded toaccelerate and change 
direction with no precautions. In the 
case of deceleration, however, it’s 
generally best to use a controlled ve- 
locity profile. If a specific application 
requires the ability to operate with 
no restrictions upon the rate of duty- 
cycle change, straightforward modi- 
fications can be made to the circuit to 
allow this. 


™ cpey ADD A DIFF AMP 
Db 2 2 TO YOUR SCOPE 


M.J. SALVATI 
Flushing Communications, 150-46 35th Ave., 
Flushing, NY 11354; (718) 358-0982. 


ery few oscilloscopes pos- 

sess differential inputs, and 

only a few plug-in-type 

scopes offer de comparator 
operation. Differential inputs are 
ideal for measuring small signals in 
the presence of high common-mode 
voltages. Comparator modes allow 
for the direct-coupled measurement 
of small signals riding on high de 
voltages. 

As is illustrated in the figure, 
these features can be added to one 
channel of any general-purpose os- 
cilloscope. The circuit operates at 
unity gain in most modes, so there’s 
no change in oscilloscope calibration. 
The amplifier noise level is low 
enough so that it doesn’t degrade 
low-level signals, and its dynamic 
range is high enough to handle sig- 
nals as large as £12 V peak. 

With the Mode switch set at DIFF 
INF’, the input resistance is nearly in- 
finite at the inverting (INV) and non- 
inverting (NI) inputs. With the Mode 
switch set at DIFF 1M, the input re- 
sistance is the standard 1 MQ, shunt- 
ed by 47 pF (or whatever you choose). 
In either position, the amplifier can 
handle a maximum common-mode 
signal of +12 V peak. 

Using 10X scope probes extends 
the voltage to +120 V peak for the 
1M position. The input resistance of 
the NI input also is 1 MQ in each of 
the de comparator ranges. The 1-V 
and 10-V comparator ranges can 
handle de signal levels of 0 to 1 and 0 
to 10 V, respectively, at unity gain. 
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The 100-V comparator range can 
handle a dc signal level of up to 100 
V, but at -20-dB gain (due to the 900- 
k/100-k resistive divider). Using a 
10X scope probe extends the voltage 
range to the lower of 1000 V or the 
probe’s limits. 

With trimmer capacitors C,, and 
C,,, the input capacitance of the in- 
puts can be adjusted to the same val- 
ue as that of the main scope inputs, 
so 10X probes can be employed on 
the differential inputs without re- 
compensating them. C, does likewise 
for the noninverting 100-V compara- 
tor position, and capacitor C, adjusts 
its square-wave response. 

IC1 and IC2 make up a classic in- 
strumentation amplifier. The 4700-0 
trim pot nulls the cumulative offset 
voltage of these op amps, while the 
470-© trimmer pot secures the maxi- 
mum de common-mode rejection ra- 
tio. [C3 drives the input-cable shields 
when either of the differential 
modes is selected, so its important 
that the BNC connectors used for 
the NI and INV inputs are insulated. 

The high-pass filter at the output 
of [C2 bears special notice. The value 
of the 1000-kHz capacitor depends on 
the load seen by the SIG OUT jack. 
The proper capacitor value (in pF) 
for a 3-dB roll-off at 1 MHz is approx- 
imately equal to 90 minus the total of 
scope input capacitance and connect- 
ing-cable capacitance. The WB 
(wideband) switch position shorts 
the 1600-0 resistor, allowing maxi- 
mum high-frequency operation. 
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+15V 


900 k 


I¢2 = NE530 (AD711K) 
103 = LM310 (AD711J) 
I¢4 = OP-2C (AD711K) 


DC CMRR adjust 
470, 20% 


See text 


1000 th 10 
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DIFFERENTIAL INPUTS AND COMPARATOR MODES CAN BE ADDED to any general-purpose oscilloscope 


using this circuit setup. Calibration doesn’t change because the circuit operates in unity gain in most modes. Amplifier noise level is low 
enough not to degrade low-level signals, and its dynamic range can handle signals up to 12 V peak. Note that all resistors are 1%, unless 


specified otherwise. 


With 40-pF total cable and scope-in- 
put capacitance, the limit is 1.7 MHz 
with the original IC complement, and 
over 2 MHz with the suggested alter- 
nates (shown in parentheses in the 
figure). 

The comparator voltage is initially 
derived from a +5-V precision refer- 
ence (Maxim 675). A gain-of-two pre- 
cision amplifier (IC4) boosts this to 
either +10 or -10 V, depending on 
whether the noninverting or invert- 
ing operation is selected with the VC 
POLARITY switch (S6). The turns- 
counting dial on the precision ten- 
turn pot indicates the exact compari- 
son voltage selected. The full com- 
parator voltage is applied to the in- 
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verting input of the instrumentation 
amplifier for the 10-V and 100-V com- 
parator ranges, and is divided by ten 
for the 1-V comparator range. In 
each case, noise is filtered by a 0.5- 
uF capacitor, which also ac-grounds 
the inverting input.0 


IFD WINNER 


IFD Winner for 
June 13, 1994 


Patrick H. Conway, 28361 Plain- 
field Drive, Rancho Palos Verdes, 
CA 90274. His idea: “Attenuator 
Design Equations.” 
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Read the Ideas for Design in this 
issue, select your favorite, and cir- 
cle the appropriate number on the 
Reader Service Card. The winner 
receives a $150 Best-of-Issue 
award. 


Send in Your Ideas for Design 
Address your Ideas-for-Design 
submissions to Ideas-for-Design 
Editor, Electronic Design, 611 


Route 46 West, 
Heights, NJ 07604. 
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that not only enables what-if analysis, but also automates implementation in- 
cluding software/hardware co-design for embedded cores. As a result, the DSP 
Station design system can TRIM YOUR DESIGN CYCLE 25 TO 30% right 
away, sO you can take your place at the head of the class. Call Mentor Graphics 
today at 1-800-547-3000 Dept. 326 or 1-503-685-8000 for more information. 


CF. PP 
You may turn the page, now. 





STOP 


We mean business. DO NOT 
TURN PAGE 
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5 | BURST/BACK 
PORCH CUTE 


@ 200 MHz Bandwidth 
M THD < 0.1% @ 10 MHz 
™ $6.90 in 1,000’s P-DIP 


Muttiplexed- int Vitieo a 


VERTICAL 
SYNC OUTPUT 








_ FREQ SELECT! 





oe : : *Note: R SET must be a 1% resistor cunemn 
® Adjustable Filter & H-sync Output = 8 ns Switching Time 

® Precision 50% Slicing ® 0.02% /0.02° Diff Gain/Phase 
™ $3.76 in 1,000’s P-DIP __ a) in 1,000's P-DIP 





EL4584 Genlock « FLA451€ 
Widehand Variable-Gain Amp 





he ext ov [8 
S  OSaecr | cama 
‘Selectable 6- Preset Frequencies _§80MHzBandwidth 
™ Precision Phase-Locked Loop ® Calibrated Linear Gain Control 
@$4.71in1,000’'s P-DIP : a $3. 33 | int ,000’s P-DIP ee 
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ANALOG INTEGRATED CIRCUITS 
ELANTEC, ING. = 1996 Tarob Court = Milpitas, CA 95085 = (408) 945-1323 = (800) 383-6314 = FAX (408) 945-9305 


Authorized Distributors: Marshall Industries = Nu Horizons @ Insight Electronics 
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EDITED BY SHERRIE VAN TYLE 


MOBILE DEVICES TRAVEL A 
MARKET FACTS PATH OF STEADY GROWTH 


he number of mobile computing and communication de- 
vices is growing dramatically, as shown in BIS Strategic 
Decisions recent study, Mobile Professionals in Focus: 
Who They Are and How They Work. One reason is the 
increasing number of business trips by workers—in 1980 U. S. work- 
ers went on 97 million business trips; by 1991, that had risen to 153 mil- 
lion trips, according to the U.S. Travel Data Center. Last year, 11.2 
mobile devices were sold in the U. S; by 1998 sales of these units are 
expected to nearly double, amounting to 20.9 million devices shipped, 
according to the Norwell, Mass., market researchers. 

Portable computers, an increasingly important part of the market, 
are expected to grow from the third-most-sold device last year—2.8 
million units—to the best-selling device by 1997 (6.3 million). The 
market researchers also predict that sales of electronic organizers and 
personal digital assistants (PDAs) will climb from 1.1 million units in 
1993 to 3.4 million units in 1994. Yet organizers won t cannibalize sales 
of portable PCs, the study explains, because portable PCs serve com- 
puting needs when professionals are traveling away from the office. 
PDAs and organizers help with local mobility needs—that is, the 
increasing amount of time that workers are away from their desk but 
working elsewhere in the building or business complex. 


EYE ON ISO 9000 
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HOT PC. 
PRODUCTS 


he FPGA Evaluator software from 
NeoCAD enables your PC to help 
you choose the proper field-pro- 
grammable gate array (FPGA) 
for a specific application. Evaluator users as- 
sess the viability of multiple FPGA alterna- 
tives before committing to one device. In fact, 
the decision on which device is best suited to 
a design can be made without detailed tool or 
architectural knowledge. FPGA Evaluator 
uses NeoCAD’s physical mapping and optimi- 
zation technology, timing- and frequency- 
driven place-and-route, and graphical design 
analysis to provide the information to make 
informed device selections. Users enter their 
designs through FPGA-vendor net-list for- 
mats or through NeoCAD’s LPM library. 
Once the design is entered, an evaluation pro- 
cess manager walks users through three key 
stages of device selection: identification of 
device candidates, speed-grade options, and 
precision device assessment. FPGA Evalua- 
tor costs $99. Contact NeoCAD Inc., 2585 Cen- 
tral Blvd. Boulder, CO 80301; (303) 442- 
9121. LM CIRCLE 466 





inear Analysis Worksheet con- 
verts a Microsoft Excel spread- 
sheet into an analytical tool that 
performs frequency- and tran- 
sient-response analysis of single-input/sin- 
gle-output linear feedback and control sys- 
tems. It accommodates models of up to 20 
stages with up to 20 nested feedback loops. 
The number of transfer functions in each 
stage is limited only by the size of the Excel 
spreadsheet. The macro-driven worksheet al- 
lows models to be built and analyzed without 
programming or syntax concerns. Also, the 
worksheet draws the system’s block diagram 
and includes on-line help. Linear Analysis 
Worksheet comes with a black-and-white 
version for monochrome laptops, and a user's 
guide that includes a review of linear analy- 
sis and control concepts. The software re- 
quires Excel 3.0 or later and runs on IBM or 
Mac platforms. It costs $129. Contact Engi- 
neering Solutions, P. O. Box 570159, Tarzana, 
CA 91356; (818) 772-7231. LZ CIRCLE 467 


otdocs 2.0 for Windows builds in- 
telligent templates with Micro- 
soft Word, WordPerfect, and Lo- 
tus AmiPro by converting word- 
processor documents into templates. List 
price is $99; database module is $49. Contact 
Capsoft, 732 E. Utash Valley Dr. Suite 400, 
American Fork, UT 84003; (801) 763-3900; fax 
-3999. CIRCLE 468 
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Perspectives on Time-to-Market 


BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
P. Q. Box 1070, 100 Prickly Pear Rd., Verdi, NV 89439; (702) 345-1455: fax (702) 345-0804 


lear goal: Make break-even time equal to, or even a bit 
faster than, that of the competition. Refer to the illustra- 
tion in the last column [Electronic Design, Aug. 22, p. 106] to track this 
discussion. Because you know the value of time and use it to guide investment 
decisions; introduce new products as a sequence over time; follow a new product develop- 
ment process based on ‘speed profile’ principles; effectively apply duration computation 
methods; and manage new product efforts using a database—you get your new product to 
market in one unit of time and consume one unit of investment. 

Your competitor, on the other hand, performs marginally on some or all of the points that 
I’ve just mentioned. You see this in the competition s consumption rate of new product 
development money. They spend less initially. Because the value of time is not known, 
preservation of capital dominates investment decisions—saving some money becomes far 
more important than buying time. The lack of concentration on time results in continued 
reduced investment at low staff levels until your product arrives on the market (t = 0). 
Once your competition sees your product, they adjust the definition of their effort and 
absorb a significant time set back. : 

Because they do not follow the ‘speed profile and do not compute duration, spending 
continues at the same rate. Maintenance of the spending rate implies keeping staff size the 
same. As a consequence, your competitor, because of the definition change resulting from 
the introduction of your product, piles more work on an already overloaded development 
team. The team works long and hard to get their product to market 

The team members take longer—about 9 months—spend more money—about 50%—and 
then introduce a competitive product. This one might even be a bit better than yours. 

Now shift attention to the profit curves. Your profits rise steadily during the period 
where you have no competition and continues to rise even after the competition s product 
appears. You got to market first with a good product and reap the rewards. You break-even 
in 2.5 units of time. Meanwhile, your competitor struggles. 

His/her sales do not rise as quickly. This results in lower manufacturing volumes and 
quite possibly hides unit costs. And because the market they enter already relies on your 
product, the competition spends more on marketing and sales to overcome the existing 
market barriers. 

These factors all contribute to the generation of fewer profit dollars by the competition. 
As such, the profit curve rises with a significantly reduced slope over that of the early mar- 
ket entrant. The ultimate result is that it takes your competitor more than four time units to 
break even. 

Looking at the end points of each curve and forming some simple profit to investment 
ratios shows the real business winner. After four years, you returned 4.5 profit dollars after 
investing 1.5 investment dollars—a ratio of 3:1. Meanwhile, your competitor spent 2.3 
investment dollars to return 2.8 profit dollars—a ratio of 1.2:1. Who wins? 

Go forth and make a few BET graphs that show your position with respect to the 
competition on a few products you ve done in the past. Take what you learn from this 
exercise and apply it to products currently under development. Use the forecasts based on 
quality BET information to guide your behavior. 





Ron Kmetovicz’s The One-Minute Time to Market Self Assessment, which identt- 
fies five key behavioral patterns exhibited by fast-moving new product development 
organizations, 1s available free to the readers of Electronic Design by contacting 
Time to Market at P. O. Box 1070, 100 Prickly Pear Rd., Verdi, NV 89439; (702) 
345-1455, fax (702) 345-0804. 
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Wideband Buffered Multiplexer Family 


MPC100, MPC102, and MPC104 are high speed, video multiplexers 
that make it easy to route and distribute wideband analog and 
digital signals. Their unique complementary bipolar design delivers 
high speed processing with low transients while switching. All 
achieve excellent levels of interchannel crosstalk and harmonic 
distortion. These new multiplexers are your simple solutions for 
HDTV, RF, video, radar, computer graphics distribution, and data 
acquisition applications. 


Minimizes Crosstalk, Distortion, and Cost 


This new family not only minimizes crosstalk and distortion, but also 
minimizes your design costs. You pick the multiplexer that fits your 
design best. 


e MPC100 is a 4-to-1 wideband video multiplexer for large 
crosspoint fields. 

@ MPC102 is a versatile, dual 2-to-1 multiplexer. Use it as a 1-to-2 
demultiplexer or a 2-to-1 multiplexer for differential/analog 
ECL signals. 

e MPC104 is a single 2-to-1 high speed multiplexer with a small 
Signal bandwidth of 590MHz. 


BURR-BROWN 


Simple Signal Switchin 


International Subsidiary Offices: Austria (43) 1 602 63 71, France (33) 1 395 43558, Germany (49) 711 77040, 





g Solutions 





MPC Family Key Specifications 


Mi MMMIE OU WIUE ooicacscevcccccncsseatscsaceatsd2eacddsgevening 210MHz (1.4Vp-p) 
MONE FOS SEAN cidecc ts decisis teoisovin a Soicacjgancednimannsetees —70dB (30MHZz) 
TOW SIT 5 occ uac ae cagettcdicwanasasagrorcaptongeteonssarmninay pve —64dBc 
© Low SWIECNING traNSi@Nts oo... eeeceseeeeeteeeteeeeeeeeseetees +6/-8mV 
e Low quiescent current..............08 4.6mA (one channel selected) 
e Low differential gain/phaSe eFrOrs ......... eee 0.02%, 0.02° 
e Packages 

HO RE ene nee er 14-pin DIP, SO 

Ne i ha 9 eg oa cags dae glen 14-pin DIP, SO 

| | SR al te oe a RI aa 8-pin DIP, SO 


Switch One On...FREE Samples! 


Switch your own signals—to get your FREE 
sample and detailed data sheets, just 
FAX 1-602-741-3895. Or, contact 
your local sales rep for 

more information. 















Italy (39) 2 580 10504, Japan (81) 33 586 8141, Netherlands (31) 3465 50204, Switzerland (41) 1 7240928, United Kingdom (44) 923 233837. 
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BY FRANK J. BURGE 
Director of Market Development for Electronic Design 





e have to do a better job of 
working together. We must 
work together to develop 
products that customers val- 
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at a fine restaurant, the chef gets the ap- 
plause, but if it weren't for the dishwasher, 
line cook, sous chef, garde-manger, prep 
cook, line cook, pastry chef, servers, and the 
rest of the crew, nothing much would hap- 
pen. Frances described the great feeling 
that comes with working in a kitchen where 
everyone is working together. It’s like an 
orchestra playing a symphony; everyone 
basks in the applause. 

The way a kitchen operates is not unlike 
the way many electronics companies work. 
Some chefs operate on the principal of in- 
timidation. They bark at the kitchen staff 
and berate them into line. And Frances has 
worked for two such chefs, one with an in- 
ternational reputation. At first, the barking 
gets results because a great chef won't per- 
mit the customer to be served anything but 
perfection—anything less would risk his 
four- or five-star rating. Turning out a 
world-class meal should be fun but the 
barker can’t hold his team together because 
of the environment he creates. The tension 
in the kitchen tears at the human spirit; peo- 
ple burn out and move on. 

Other chefs seem to have a knack for 


ue, to bring products to market faster, to 
Manufactured and tested create an environment that brings out the | building a kitchen staff and then inspiring 
to MIL-T-27 best in people, and to build customer confi- | them to do great work. The chef and sous 
Frequency range dence in everything we do. But working to- | chef create an environment in which work- 
20 Hz to 250 KHz gether doesn’t come naturally to most peo- | ing together is a joy, an environment in 
: ple or companies. When I travel, for exam- | which everyone on the staff has an opportu- 
Available from ple, I notice that some flight crews seem | nity to express their ideas about improving 
100 milliwatts to 3 watts happier and more eager to be helpful than | the dining experience. In busy times, there 
Impedance from 20 ohms others. may be conflict in the kitchen. People get 
100 K ohms My guess is that one or two members of | pushed out of the way and tempers flare. 
to 0 the crew inspire the rest. Or a few grouches | But the job gets done. And when the day is 
Oper. ating temperature poison the rest. Or maybe it’s training. Ona | over, and the staff cleans up for tomorrow, 
55°C to +130°C recent flight from Chicago to San Francisco, | the conflicts of the evening are set aside 
: : we hit some rather turbulent air and I was | amid the exhilaration that “we did great 
Low profile .2" ht. in the rear of the aircraft, trapped by aserv- | work tonight.” I wonder how many compa- 
ing cart. I had a badly sprained ankle soI | nies benchmark their team-building perfor- 
was anxious to get back to my seat since I | mance against the workings of a world- 
was being tossed about. When I asked the | class kitchen. It might be an eye-opening 
flight attendant to let me through, she pret- | experience. And the worst that can happen 
ty much ordered me back to the rear of the | is a great dining experience. Working to- 
plane until she was finished picking up | gether should be fun. 
trays. Rather than become obnoxious, I 
moved back to the rear and waited for her 
to finish. It’s a funny thing, but most of the 
attendants on that flight were grouchy, and 
See EEM | | got the feeling that they wished they were 
or send direct } somewhere else. 
for Free PICO Catalog. This reminds me of a talk I had recently 
Call toll free with our daughter Frances, who is a chef— 
in NY call 914-699-5514 | that is, after attending the Culinary Insti- 
FAX 914-699-5565 


tute, she is working her way up the kitchen 
ladder. When one has an outstanding meal 
453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
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“THE HIGH 
PERFORMANCE 
CSIGAHERTZ RELAY 





T he TO-5 family of relays 
are great performers in RF 
switching applications. They are 
inherently that way. Low inter- 
contact capacitance. Low inser- 
tion loss. Up through 500 MHz. 
No problem. 

But then you wanted them 
for even higher frequencies. You 
wanted gigahertz performance, 
and not just 1 GHz, but 3 or 4. 
That took some serious doing. 
But our combination of experi- 


ence and innovation was equal 


m@ RF Switching up to 4 GHz 
m Magnetic latching cuts power drain 
m Convenient Centigrid® package 


m Aerospace and commercial versions 


to the task. We married over three The high performance giga- 


decades of TO-5 and Centigrid® hertz Centigrid® relay (RF 170) 
technology with some new tech- — will handle your toughest switch- 
niques we developed to enhance _ ing assignments, especially when 
the RF characteristics. The power drain is critical. For price, 

delivery, and more technical infor- 


or Fax us at 1213-779-9161. 


results? The gigahertz Centigrid® 
relay (RF 170). We were able to 
extend the relay’s performance 
from the MHz range to the GHz 
range. And handle RF switching 
functions all the way up to 4 GHz. 


The RF 170 has higher isolation 





across contacts and across poles 


“© TELEDYNE RELAYS 


over the frequency range. 
Innovations In Switching Technology 


Home Office: 12525 Daphne Avenue, Hawthorne, CA 90250 © Telephone: 213-777-0077 ° Fax: 213-779-9161 


Overseas: GERMANY, (0611) 7636-143; ENGLAND, (081) 571-9596, BELGIUM, (02) 717-52-52; JAPAN, (03) 3797-6956 


READER SERVICE 148 


FOLD PAGE 
HERE 





-_ &§ ek 


SURE, RECORD-BREAKING 


You found it! The FLASH370 
FLASH370 is a family SPEED IN A COMPLEX PLD IS A BIG PLUS family’s exception- 
of seven erasable BUT IT SHOULDN'T ally clean and simple 
complex PLDs— Ne aaa EON ange exchitecture helps 
with up toa set your products to 
whopping 256 VO HANDLE PLIERS. market faster. And 

comprehensive 





I/O pins. Even more 
remarkable is their 100% routability. 
This combines with the shortest pin- 


TYPICAL APPLICATION UltraLogic™ family, the FLASH370 is 
ee eg Supported by Warp™ VHDL open 
design tools. So start designing with 
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% ROUTABILITY 











to-pin delays of any architecture ee AC et Pr data sheet instead of a soldering 
through all speed paths—a blazing Ss iron. And watch the competition fold. 
8.9 ns for the 32-macrocell, 44-pin INPUT SIGNALS PER LOGIC BLOCK Call for your free FLASH370 design kit: Warp2” 
CY7C371. What's more, you get this high speed design tool for the CY7C371, sample certificate and product 
with 100% timing predictability. So you never data. In Europe: (32) 2-652-0270, ext 119; Dept C312. In 
have to struggle with variable timing again. Asia: fax your request to 1-415-940-4337, Dept. (312. 


Or contact us-via Europe fax and Asia telephone numbers listed below. *The international operator can give you your country’s specific access code. Europe: Fax (32) 2-652-1504. Telephone Hong Kong: (852) 710-8121. India: (812) 
566-630 x-3808. Japan: (81) 423-69-82-11. Korea: (82) 2-576-2111 or (82) 2-888-2858. Singapore: (65) 294-8389. Taiwan: (886) 2-820-53-53. Warp and UltraLogic are trademarks of Cypress Semiconductor © 1994 Cypress 
Semiconductor, 3901 North First Street, San Jose, CA 95134 Phone 1-408-943-2600. 
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Wuat’s ALL THIS 


RENDEZVOUS STUFF, 





Anyuow? 


few months ago, I proposed 
that a bunch of us survivors 
from Philbrick Researches 
get together for a reunion at 
the Hilton, across from the old Phil- 
brick plant in Dedham, Mass. Many of 
the guys showed up at 5 P.M. Others 
straggled into the bar at 6 P.M., and 
others yet at 6:30. Some only arrived 
at 7. But we had a pretty good get-to- 
gether, about three dozen people in all. 

One guy, Tom, showed up around 5, 
went to the bar, ordered a beer, and 
watched everybody coming in the 
door. He did not recognize anybody. 
He got nervous, and began to wonder 
if he was in the 








right place. He 
called Joe, the 
Cruise Director, 


but Joe was not at 
home, so he left a 
message on Joe’s 
phone machine. 
Well, Joe got the 
message from Tom 
*.. that “I am at the 
E Hilton—now, 





BOB PEAS 


OBTAINED A where the heck is 
BSEE FROM MIT everybody?” But 
IN 1961 ANDIS — while Tom said he 
STAFF was at the Hilton, 
SCIENTIST AT he did not say any 
NATIONAL more details of 
SEMICONDUCT-. where he was, ex- 
OR CORP., actly. At the end of 
SANTA CLARA, the evening, we 
CALIF. mourned the fact 


that our friend 
Tom had not arrived. Why?? 

Weeks later, we completed our post- 
mortem analysis of this situation. Tom 
provided proof that he had shown up 
at 5:01 P.M., as the receipt for his drink 
confirmed it. Heck, Tom could prove 
that he was there, and we could not 
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prove that we were there! The nominal 
time for the meeting was supposed to be 
5 P.M., but I was tied up in business 
meetings, and arrived about 6:10. Joe, 
the Cruise Director, the guy in charge 
of coordinating the meeting, got out of 
work late and arrived at the meeting by 
about 6:40. But Tom got nervous by 6:05 
PM., and left to check out other possi- 
bilities—other locations. 

Maybe we misled him, maybe we told 
him the wrong place to go? No, he was 
actually in the right place. But Tom had 
neglected to bring the Official Invita- 
tion (as published in Electronic Design, 
March 21, 1994, p. 116) with him. 

Thus begins the comedy of errors. 
He could not cancel out his concerns 
that perhaps he was in the wrong 
place. And there was no real person 
Tom could call to ask, “OK, exactly 
where is the right place??” 

NOW, the real culprit in this quan- 
dary is the telephone company. Ap- 
parently, most telephone companies 
have decided that any public phone 
should not have a posted number, and 
that you should not be able to call back 
to the pay phone. This is supposedly 
to hinder drug dealers—that’s the 
story I heard anyway. IfTom had been 
able to say, “Call me back at 617-333- 
3333,” we would have been able to tie 
up the loose ends easily. But the tele- 
phone company is forbidding us to use 
that solution. Not very helpful. 

The other half of the conspiracy is 
that the Hilton apparently has two 
bars. Tom assumed correctly that we 
would be... in the bar. Heck, we 
weren't going to hire a meeting room. 
It would be absurd to hire a hall, when 
the lounge area was exactly the right 
place for us to meet and mingle and 
sip. But, apparently this Hilton had 
two bars. The one bar had a clear view 
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of the front door, so Tom could see 
anybody he recognized coming in the 
front door. But, some of us had already 
snuck into the other bar. That did not 
help much. And we, not realizing 
there were two bars, were remiss in 
checking around the lobby to see if 
there was another bar. 

Every family has its own stories 
about a Rendezvous that didn’t work. 
“We told Jimmy to wait by the Santa 
Claus in the store. How could we know 
that the store had two Santas?” It’s 
funny afterwards, but not funny at the 
time. When we first moved to San 
Francisco, we volunteered to drive 
one of our new neighbor’s kids to 
school. We sat and waited for the kid 
at the corner of Miramar and East- 
wood for about 10 minutes—until we 
began to realize that there are two 
places where Miramar intersects Kast- 
wood. And, sure enough, Wendell was 
that little dot down there at the other 
corner of Miramar and Eastwood. 

When you go on a hike—or a canoe 
trip—it’s surprisingly easy for one 
person to get separated from the rest 
of the group. Okay, you come out of the 
woods, and if the trip leader has not 
forewarned everybody the right place 
to call to reestablish connections, then 
you can waste lots of time trying to 
find each other, with each one not 
knowing where the other party is. 

So, how do we do a Rendezvous 
correctly? The first thing is to have a 
telephone contact with a real person 
who can take reasonable messages 
and pass them along. For example, if 
I’m in the northeast corner of No- 
where and I suspect that my wife is 
searching for me in the SE corner or 
the SW corner of Nowhere, then we 
have arranged that we should each 
call my mother, and she can pass along 
the message where to go. She can take 
the message from the first person who 
calls and give it to the second person 
who calls. Therefore, if your mother is 
likely to be at home, or whoever, then 
agree with your wife and kids that he 
or she is the person you should always 
call. OR, if you have a cellular phone, 
let them call you. That would have 
helped us in Dedham, but nobody had 
a cellular phone. Ifit is a really serious 
situation, you could call the police and 
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dost one monitor, 


Just two little probes, 


to measure and control 


E fields as high as 300 V/m 


from 10 kHz to 40 GHz. 


Such simplicity and breadth! 

With this one compact system, you 
enjoy complete E-field monitoring 
capability up to 40 GHz, for fields 
from one to 300 volts per meter. 

Inside your shielded room: A 
probe with frequency response from 
10 kHz to 1 GHz (enough band- 
width for 82% of susceptibility-test 
applications); and another probe with 
a range from 80 MHz to 40 GHz. 
Both probes have rechargeable bat- 
teries for operation up to 40 hours. 

Outside the shielded room, con- 
nected through glass fiberoptic 
cables that can carry signals as far as 
1,000 meters, is the remarkable new 
FM2000 monitor — offering you 
total flexibility for measuring and 
leveling fields around the EUT. 

The FM2000 accommodates up to 
four probes of either or both fre- 
quency ranges, for placement at var- 
ious locations in the shielded room. 
Each probe delivers its own signals 
through an input card to the control 


fields do. 
and very-low- (0 
intensity (3 





000 








console, and you can select HI/ 
LO/AVG readings from multiple 
probes at the touch of a finger on the 
keypad. Outputs are provided to 
IEEEF-488 and RS-232 interfaces 
and 0-4 Vdc, giving you the widest 
choice for automatic field control — 
plus audible signal and SPDT con- 
tact closure for excessive-field-level 
or low-battery alarm. 

With European and American 
immunity requirements increasing 
daily, you need a reliable ultra- 
broadband field-monitoring system, 
available from stock now, for your 
susceptibility testing. Get all the 
technical data you need on the 
FM2000 system. One of - 
our applications engi-  // 
neers will pick up the 
phone himself when 
you call, toll-free, 
1-800-933-8181. is 


» AMPLIFIER 


160 School House Road 

Souderton, PA 18964-9990 USA 

Phone 215-723-8181. Fax 215-723-5688 
For engineering assistance, sales, and 
service throughout Europe, call EMV: 
Munich, 089-612-8054; London, 
0908-566556; Paris, 1-64-61-63-29 
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PEASE 
PORRIDGE 


tell them about the lost-person prob- 
lem. But if the second person calls in 
to the wrong policeman, it may still 
take quite a while to get connected. 
Do you have a phone machine, or a 
voice-mail system, where others can 
call and leave a message and then you 
can call in to receive your own mes- 
sages? That may be a good possibility 
for linkup. It’s one of the better ones. 
That’s because the first logical solu- 
tion—“Here’s where I am, please call 
me back’’—has been sabotaged by the 
telephone company, which will not let us 
call back to a public telephone... Any- 
how, if you have any ideas on this, please 
let me know. YOUR family may have 
figured out some ideas better than ours. 


All for now. / Comments invited! 
RAP / Robert A. Pease / Engineer 


Address: 

Mail Stop D2597A 

National Semiconductor 
P.O. Box 58090 

Santa Clara, CA 95052-8090 


p.s. What does Rendezvous really 
mean, anyhow? Everybody under- 
stands that it means some kind of get- 
together. But, how does that French 
phrase get translated?? Very simple: 
Rendez = present, and Vous = you. 
Thus, “Present yourself ”—this rep- 
resents an agreement that we will all 
“present ourselves” at the agreed- 
upon time and place. Ain’t etymology 
interesting? I think so... what’s all this 
etymology stuff, anyhow? 


p.p.s. If you’re a strong, fast hiker, 
you'd probably enjoy hiking across 
England from the west coast (from St. 
Bees on the Irish Sea) to Robin Hood’s 
Bay on the North Sea. It’s only 192 
miles on the “Wainright route,” wend- 
ing through the handsome, rugged 
countryside of the Lake District, the 
Yorkshire Dales, and the North York 
Moors. You can take all the time in the 
world—or you can do it in 12 days as 
we did, hiking with Avalon Trekking 
of Perth, Scotland. From the U.S.A., 
call 011-44-738-624194 for a brochure. 
Or, ask Wilderness Travel, Berkeley, 
Calif., at 510-548-0420 for their bro- 
chure, as they hike about 8 to 12 miles 
per day. 
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Want to make a party out of 
your pressure sensor needs? 
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Then try our new 









This combinatiq dc FB : DX and return the form 
prove to be very appetiz / J | 


even to the most ‘imine a ae ick ba ot ___In the 100 piece party 
ing taste — especially when it ai t pack, the SDX is only $13.90 
comes to selecting th np. - each. Why not stock up for 
combination of quality p ‘Tf you want a “taste”, just the special occasions? 


formance, attractive pricing ” “= call (800) 45-SENSYM, or 
andeaseofassembly, = _—s— tts 
SenSym’s new SDX Series Compare the label on our SDX Chips and DIP with competitive 


offers temperature compen- brands (Typical Specs): 


4 f eae ¢ Full-Scale Span up to100mV ~—» Temp. Effect on Span +0.4% FSO 
Sate Shien nour e Een) * Span Calibration +3.5% FSO —* Temp. Effect on Offset +0.2mV 
100 psi in a small, low cost, ¢ Compensated Range 0°C to +50°C ~—-* Long Term Stability +0.1% FSO 

5 a e Operating Range —40°C to +85°C e Response Time 100 psec 
machine insertable, rugged, e Linearity & Hysteresis +0.2% FSO ¢ Input/Output Z 4K 
plastic package. ¢ Zero Pressure Offset 0+1mV 





Hey ... Send me: 


More information on the Name 
SDX Series Pressure Sensor. 


|_} A 1994 Handbook. 
_} A free sample 
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Title and/or M/S 
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Company Name 
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(Pressure ranges are ee 
available for 0-1, 0-5, OT Sr , . igha) Reaahe eae 
0-15, 0-30, and 
0-100 psia, g) Bt 8 ee en eee ee pr rer eg, 





_) Have someone call me. 





Return to: SenSym, Inc. « 1804 McCarthy 8 Blvd. ¢ Milpitas, ¢ CA >A 95035 « ° FAX (408) 954-9458 
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E T CD-ROM, produced by the Editors of Fyperwriter makes the information on this disk instantl 

: is... Design Magazine, contains five com- _| accessible through hypertext links. Links made directly throug! 
= plete volumes - that’s 124 past issues of Electronic Design _| each topic (article) to pictures, illustrations, schematics, full glos 
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owerful, hypertext-based commands let 
u quickly and efficiently find, re-find, 
k make notations, leave bookmarks, 
port, print, search, get product demos, 
d even return to your operating system! 


‘ternal - Life beyond this disk 


Gen. Info - Complete reference 
Contacts - Company names, addresses, 
contact names, phone numbers- all of the 
information you need to follow up. 


Glossary - Full article glossaries, pro- 
vided by the Editors of Electronic 








SS aa The Export button | Design magazine. The CD also comes 
will export any or all | with WORD LINK, which allows you 
of an article based on | to click on any word within the article and 
a your selection. if it’s in the glossary, the definition pops 
: DOS & Win up. When youre done, a simple click and 
DOS brings youto | *S 80RS: 
oroeuenauas theDOS prompt =| (AIEEE Ea 


reen and Win takes you into Windows™ 
ithout quitting the application. These 
ittons make it easy for you to return to 
lectronic Design Magazine, where you left 
f, without re-launching. 


Setup & Print - This feature allows 
du to print articles, editorials, glos- 
ries, illustrations, and even photos (if 
our printer is capable) directly from this 
‘D. Great source for reference. 


ookmarks and Notes 
BkMrk - Bookmarks flag topics for future 


ference, j ie like using a bookmark in a 


Booknark real magazine. Mark 


and you don't need to be! 


All the aids youll need to motor your way 
through this CD in no time flat. 


CLR - Clear Back Links - Because every 
article you move to loads into RAM, this 
function allows you to clear articles you've 
finished. This frees up RAM for you to 
continue. 

TOC - Table of Contents - Takes you 
directly to the Volume Table of Contents 
(the whole year) with special links provided 
to Issue [-O.C. 
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each topic visited during your current ses- 
sion and how long you were there, and 
then lets you return to previous topics. 
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Notes - Add and find your own notations. 
Notes stay until you delete them, even after 
7ou quit. 
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RO3003 circuit board materia 
puts the les$ back in wireless. 


Introducing RO3003 
from Rogers. 
High performance, 
low price. 


Reducing material cost 
in wireless applications used to 
mean sacrificing performance. 
Until now! 
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RO3003 high frequency 
circuit material provides a 
temperature stable dielectric 
constant of 3.0,typical dissipa- 
tion factor of 0.0013 and a CTE 
that is matched to copper for 
excellent dimensional stability. 

And, RO3008 is priced 
competitively with the least 


ROGERS 





expensive high frequency 
wireless materials. Rogers 
quality and price are tough 
to beat. 

Call or write for more 
RO3003 product data, samples 
or to speak with an Application 
Kngineer concerning your 
next project. 


Microwave and Circuit Materials Division 


Rogers Corporation ¢ Microwave & Circuit Materials Division ¢ 100 S. Roosevelt Avenue, Chandler, AZ 85226 Tel: 602-961-1382 e Fax: 602-961-4533 
Rogers Japan Inc., Tokyo; Tel: 81-33-807-6430 FAX: 81-33-807-6319 * Rogers Mektron, N.V., Gent, Belgium: Tel +32 9 235 36 11 FAX: +32 9 235 36 58 


RO3003 is a registered trademark of Rogers Corporation. 
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Pulse Loading: A “Hot’ Issue For 





A modeling technique helps predict thermal break- 
— improving end-product reliability. 


PIET 


HUISSOON 


Philips Components, Fixed Resistor gees Dept., Bredeweg 10, 6042GG Roermond, The Netherlands; (31) 4750 85253. 


ost designers know that 
modern electronic cir- 
cuits are very sensitive to 
ransients. Much effort has been 
made by circuit engineers to 
orotect semiconductors from 
chese potentially destructive 
pulses, but other components of- 
ten are neglected in the process. 
For their part, resistors are fre- 
quently located in areas likely to 
experience transients, such as 
adjacent to power supplies. 
Their thermal behavior, and es- 
pecially their response to pulse 
loading, is a crucial issue that 
gains in importance as resistors 
become more miniaturized. | 
Today’s compact, cylindrical 
resistors have ceramic bodies 








1. The four breakdown 
regions of a cylindri- 
cal resistor show how 
the devices behave 
under pulse loads of 
varying duration. 
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with a high aluminum content. 
Heat is therefore more easily 
conducted to the ends of the re- 
sistor body than in older de- 
signs, resulting in less pro- 
nounced hot spots and a more 
uniform temperature distribu- 
tion. Therefore, the resistor’s 
power rating can be increased 
for a given hot-spot temperature 
and hence a given stability. 
While this has advantages for 
continuous loading, it does leave 
less in reserve to contend with 
transients. It also means that it’s 
more important than ever to be 
able to clearly predict how a par- 
ticular resistor will behave un- 
der pulse loading. With this in 
mind, Philips Components 





closely studied the thermal be- 
havior of modern resistors, spe- 
cifically to make reliable infor- 
mation available to circuit de- 
signers and, where necessary, to 
provide them with effective de- 
sign-in support. 

A pulse load is defined as a 
pulse of short duration with a 
power greater than the continu- 
ous allowable power rating of 
the resistor. Such pulses can be 
one-time events or can occur re- 
peatedly. The pulse-load capa- 
bility of a resistor involves being 
able to withstand repeated pulse 
loads of equal magnitude over a 
specified period without failure 
and with a resistance drift at the 
end of the applied pulses less 








than a specified amount (AR/R 
typically < 1%). The range of 
pulse durations, t,, encountered 
in applications is very wide and 
can usefully be divided into four 
regions (Fig. 1). 

© Region I: All heat remains in 
the resistive layer because over 
the short time of the pulse, no 
heat penetrates the lacquer or 
ceramic. This is typical of pulses 
caused by lightning and ESD. 

© Region II: According to the 
theory of heat conduction, Par 
« 1/(t,)°° for a cylinder whose 
surface is heated from the out- 
side, without heat transport 
along the axes and without heat 
loss due to convection and radia- 
tion. This is typical of discharge 
pulses. 

© Region III: As t, increases 
from 10 seconds to around 1 
second, heat-penetration depth 
increases from 0.1 mm to 1 mm. 
The relationship between Pdi 
then gradually changes from a 
1/(t;)°° proportionality to a 1/t, 
proportionality. This is because 
at full axial penetration, the re- 
sistor behaves like a mass heated 
at constant power. At the same 
time, however, heat penetration 
in the axial direction means that 
the temperature rise will be low- 
er than predicted. Hence, P 


peak 
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will be higher. 
® Region IV: Normal load con- 
ditions. 

The theory of film-resistor 
pulse loading assumes that a re- 
sistor breaks down during a 
pulse when the resistive layer 
reaches a certain temperature. 
This temperature might, for ex- 
ample, be the resistive material’s 
melting point. The pulse load at 
which the resistor breaks down 
can therefore be found by first 
calculating the temperature rise 
of the resistive layer as a func- 
tion of the power in the pulse. 
Then, the point at which this 
temperature exceeds an as- 
sumed “breakdown” tempera- 
ture in the layer is found. 

Past attempts to predict 
breakdown behavior have been 
unsatisfactory because they as- 
sumed an ideal resistive layer. 
Philips, however, developed a 
new hot-spot model that gives 
far more accurate predictions. It 
does so by accounting for intrin- 
sic heterogeneities in the resis- 
tive layer (which can lead to hot 
spots) and in the field strength at 
the laser-trimmed end points of 
the resistive material. 

While developing the hot- 
spot model on which the equiva- 
lent-circuit program is based, 
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Measured 


sii: ia i ls ida iio oes toll 


3. For conventional 
NiCr film resistors, 
Philips’s model agrees 
with the measured be- 
havior, and the pulse- 
load-limitation calcu- 
lations using the mod- 
el agree with those of 
IEC/DIN. 





2. While developing 
the hot-spot model 
(on which the equiva- 
lent-circuit program is 
based), it was as- 
sumed that the resis- 
tive material has in- 
trinsic inhomogenei- 
ties that give rise to a 
given hot-spot distri- 
bution. The diagram 
shows the current- 
density deviation of a 
helical resistive layer. 
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two assumptions were made. It’s. 
assumed that the resistive mate- 
rial has intrinsic heterogeneities 
that give rise to a given hot-spot 
distribution. It also is assumed 
that the field strength at the be- | 
ginning and end of the helix ex- 
hibits heterogeneities (Fig. 2). 
Using this model, an equiva- 
lent-circuit program was devel- 
oped that calculates the break- 
down pulse loads and allowed 
pulse loads for cylindrical resis- 
tors as functions of the following 
parameters: 
@ Thermal properties of the ce- 
ramic 
© Body diameter 
© Properties of the resistive layer 
@ Layer thickness 
© Length of laser cut 
@ Radius of the end of the laser 
groove | 
© Surface area of the groove 
@ Pulse duration 
© Pulse repetition time 
Measurements using pulse- 
test equipment with resistors of 
differing dimensions and ceram- 
ics have amply verified these cal- 
culations. The equipment deliv- 
ers a rectangular pulse accord- 
ing to IEC specifications. To get 
a good fit between the calculated 





THE PROBLEM: 


“Our engineering group came up with a bunch of innovative designs. 

Trouble was they called for some real oddball sockets and even 
stranger headers. We had no time and no budget for tooling 
special products. We were stuck. 





















THE SOLUTION: 


One of our designers got her hands on an Aries catalog. We were 
floored. Everything we thought was special was right there in the cata- 
log. Sockets for mounting LEDs. A 42-pin test socket. A 10-pin .200” 

center socket. Special height elevator sockets. Connectors for stacking 
boards. A 40-conductor stake flex jumper. And a lot more! 


THE PROOF: 


It’s in the Aries Catalog. Chock full of interconnect/packaging @ 
solutions. Parts that are specials for others are catalog items 
at Aries. And if what you need isn’t there, Aries will come up 
with a solution for you. And, fast, too. Call ‘em!” 





ELECTRONICS, INC. 


P.O. Box 130 Frenchtown, NJ 08825 
908) 996-6841 FAX (908) 996-3891 





Sensible Solutions. . . Fast! 
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and measured pulse loads (AR 
< 1%) for single and repetitive 
pulses, a breakdown tempera- 
ture of 900°C was assumed for a 
single pulse and 300°C for repet- 
itive pulses. These seem to be 
suitable values for all film resis- 
tors because they use nickel 
chromium (NiCr) films. 

For conventional NiCr film 
resistors, this model closely 
matches the measured behavior, 
and the pulse-load-limitation 
calculations using the model 
agree well with those given by 
IEC/DIN (Fig. 3). Philips’ pub- 
lished pulse ratings for its cylin- 
drical resistors now are based on 
this model. Moreover, the pub- 
lished ratings relate specifically 
to minimum performance levels 
within a resistor family. There- 
fore, designers can feel confident 
that the performance of an indi- 
vidual resistor in a family will be 
at least as good as, and most like- 
ly better than, these ratings. 

Currently, no theoretical 
model is available for calculat- 
ing the pulse-load ratings of 
thick-film resistors. Because the 
thick-film structure leads to het- 
erogeneous current flow, the be- 
havior of a thick-film resistor at 
overload differs considerably 
from that of a thin-film type. 
Curves published for thick-film 
chip resistors must therefore be 
determined from measurement, 
so it’s more difficult to predict 


5. The published 
graphs for Philips’ 
MPC01 thin-film chip 
resistor are based on 
measured values. 
These do, however re- 
veal the value of the 
actions already taken 
to improve the pulse- 
load behavior of this 
chip. The device’s 
pulse-load capability 
is up to 10 times that 
of 1206-style thick- 
film resistors. 


the behavior of these resistors 
under pulse-load conditions. 
Nevertheless, it’s possible to 
consider some effects of pulse- 
load behavior with regard to 
thick-film resistors. As with 
conventional resistors, heat en- 
ergy concentrates at the end of 
the laser groove, which can af- 
fect pulse-load behavior. What’s 
more, the type of laser cut— 
whether L-cut or single cut—is 
found to influence this behavior. 
The L-cut gives a lower heat 
flux, leading to higher pulse- 






























































Thin-film rectangular chip (MPCO1) 


/ 


Thick-film rectangular chip (RCO2G) 


Metal-film cylindrical chip (mini-MELF) 
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4. The meander pat- 
tern often used to in- 
crease resistance in 
thin-film chip resistors 
can result in relatively 
high current densities. 
The meander’s effect 
on pulse-load behav- 
ior, however, is con- 
trollable. 


load ratings. In general, an un-| 
trimmed resistor can accept a| 
pulse load three or four times as 
great as a trimmed resistor. Phil- 
ips, incidentally, includes in its 
offerings the untrimmed 
RCO2TR resistor for circuits in 
which good pulse-load rating is 
important. 

To sum up, the pulse-load rat- 
ing of thick-film resistors is gen- 
erally lower than that of cylin- 
drical resistors. But as with cy- 
lindrical resistors, the ratings 
quoted by Philips always relate 
to minimum performance levels. 
Thus, the performance of any in- 
dividual resistor is likely to be 
better. 

A thin-film chip resistor con- 
sists of a metal-film layer sput- 
tered onto a ceramic plate with 
high thermal conductivity. For 
higher resistances, a meander 
pattern is often used. Because 
relatively high current densities 
can occur in the curves of the 
meander, it’s reasonable to as- 
sume that such a structure will 
affect pulse-load behavior (Fig. 
4). However, this problem is not 
as great as it seems. Looking at 
the relationship between current 
density and curve radius, one 
gets: 


Jmax _ Ro /Ln| BL 
i Ry 


where J_..., 1s the current density 
in the curved part of the circuit 
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pattern; J, is the current density 
in the linear part of the pattern; 
R, is the radius of the meander’s 
inner curve; and R, is the radius 
of the meander’s outer curve. So 
with an appropriate choice of 
curve radius, it’s possible to set 
Jmax/Jo = 1 and avoid increases 
of current density throughout 
most of the meander pattern. 
For the pulse-load study of 
thin-film resistors, the investiga- 
tors at Philips used the same 
model and theory employed for 
cylindrical resistors. This in- 
cludes the assumption of hetero- 
geneities in the resistive layer 
and in the field strength at the 
laser-trimmed end points. So 
far, however, the correlation be- 
tween measured and calculated 
behavior for thin-film chip resis- 
tors isn’t entirely satisfactory, 
and work is ongoing to develop a 
program for reliably predicting 
pulse-load behavior comparable 
to that already developed for cy- 


HE RESISTOR PULSE LOADING 


lindrical resistors. 

Meanwhile, the published 
graphs for Philips’ MPCO1 thin- 
film chip resistor are based on 
measured values. These do, 
however reveal the value of the 
actions already taken to im- 
prove the pulse-load behavior of 
this chip (for example, setting 
Jmax/Jo = 1 wherever possible in 
the meander pattern). We can 
show, for example, that the 
pulse-load capability of this re- 
sistor is between 3 and 10 times 
greater than that of 1206-style 
thick-film resistors. Moreover, 
this thin-film chip resistor’s per- 
formance is even better than that 
of the cylindrical (mini-MELF) 
resistor (Fig. 5). 

In general, certain conclu- 
sions can be drawn. It can be 
said that the pulse-loading capa- 
bility of large resistors is better 
than that of small resistors and 
that thin-film SMD resistors are 
more effective than thick-film 


Work is ongo- 
ing to develop 
a program for 
reliably pre- 
dicting pulse- 
load behavior. 


types. Leaded (metal) film resis- 
tors are better than SMD resis- 
tors for this purpose. 

With the trend toward minia- 
turization of end products and 
surface mounting being the pri- 
mary means of assembly show- 
ing no signs of slowing down, the 
pulse-loading capability of resis- 
tors is likely to become an in- 
creasingly important phenome- 
non in the future. 


_ Piet M. Huissoon has spent the 
last 5 of his 33 years at Philips as 
a member of the Application- 
Specific Resistors Group. He is 
primarily responsible for han- 
dling customers’ application 
questions. 


HOW VALUABLE? 


HIGHLY CIRCLE 560 
CIRCLE 561 
CIRCLE 562 


MODERATELY 
SLIGHTLY 
















EX YS 
3540 Bassett Street 
Santa Clara, CA 95054 
CALL! (408) 982-0700 
FAX (408) 496-0670 


IN EUROPE — IXYS Semiconductor, 


CALL! +49-6206-5030 
FAX +49-6206-503627 


GmbH 





IXGKS50N60AU1 
IXSKSON60AUT 
IXSK35N120AU1 | 1200V 


HiPerFET™ | IXFK48N50 S00V. | 48A 0.10Q 
IXFK44N50 500V. | 44A 0.120 


Call IXYS for the HIGHEST CURRENT Ratings 
ina 3 lead plastic package. 


¢ Convenient vertical heatsink mounting 























75A 2.7V 
75A 2.7V 
70A 4.0V 


Coming Soon — Additional FET Options from 70V — 1000V. 
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FAST Track to #487 SCSI 


hallenges. The 90’s demand higher 90’s Products. After over a decade of 90’s Solutions. The SCSI challenges of the 
of performance and faster delivery industry leadership, NCR is still working 90’s can’t be solved with silicon alone. NCR 
ver. Time-to-market, technological hard to meet your needs and the challenges quality and service provide you with the 
ids, and changing user needs make of the 90’s. The NCR 53C90 family of SCSI competitive edge that can make your 
mple SCSI seem as elusive as the Controllers is constantly evolving, industry leading designs a reality. Whether 
n. To stay ahead in these challenging implementing and offering state-of-the-art you require SCSI-1 or fast SCSI-2, in any 
you need products you can count on, products. For example, the NCR 53C90 system architecture, NCR has the product to 
roven ability to deliver the quality and family supports multiple bus architectures, meet your needs today. You can count on us 
ility your customers require. advanced SCSI-2 commands, fast SCSI data to keep you on the fast track with the right 
transfers and provides our exclusive technology, at the right price, at the right 
TolerANT® SCSI driver and receiver time for all your SCSI requirements. 
technology, for reliable data transfers in 
every SCSI system. 


The NCR 53C€90 Family 


FAST SCSI* 


*NCR Fast SCSI devices transfer SCSI data at 10 MB/s synchronous or 7 MB/s asynchronous 


Single-bus architecture; SCSI sequences controlled by 
hardware state machine to minimize host intervention 


Adds pass-through parity for increased system reliability 
Adds split-bus architecture for more flexibility 
Adds support for differential transfers — 


joler: | 


CTIVE MEGATION FECHNOLOGY 





IF YOU WANT TO KNOW WHO MAKES THE 


P\) GR 








CAPACITORS 4 





ce yey Dielectric M MLC Caps ae -— _ UMIMR Cs ———— LowProfileMLC Caps. 


No matter what you're looking for in surface mount passives, chances are you'll find it at AVX. That’s bec: 





——— WilowPrafileTa Caps == CHRC S000 High- Reliability Ta Caps, = 's(“(itsi(‘<‘é‘é*CWROTACaS:*OO!*!*!*CS Low ESR Ta Caps for Power Suppli 


plus a full range of timing devices, filters and resistors. Yet quantity isn’t all we have to show for oursely 





_ ~ EK Series-Voltage Controlled Oscillator = KTS Series-Temperature Compensated Crystal Oscillator = KS Series-Crystal PBRC Series-MHz Resonators 


new YoV dielectric for higher capacitance in a smaller package. A complete line of low-profile Ta chips includ 
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CTZ Series-Trimmer Capacitors . - - CVR Series-Trimmer Potentiometers 


such AVX “firsts” as our advanced Integrated Passive Component (IPC) for unmatched reliability in a custo 





aw @ wy 
ft 


- ‘TransGuard® Transient Suppressors = sS*=~*~S«S card Fuses 





‘SupraCap® MLC Cap for Power Supplies Accu-F ® High-Frequency Caps 7 


nearly inexhaustible supply of SMDs, simply call us at 803-448-9411. Or contact your nearest AVX representati 


i aaeeaae Ask the World of Us. 


ST SMDs, JUST READ BETWEEN THE LINES. 





a AVX TANTALUM bn . 
| CAPACITORS 4am . 
Low Inductance MLC Caps CDR MLC Caps © CWR11 Ta Caps 


yffer the industry’s broadest possible line—everything from MLCs to Ta chips to transient protection, 





ge neces nim ater cae 
a | RK1658 
i> &  —— : 2 a : 
TAJ Molded Ta Caps a K50 Series-Clock Oscillator : RK Series-Voltage Controlled Oscillator 


< also makes some of today’s most advanced SMDs. Like our 0402 chip, the world’s smallest MLC. Our 





K50E. 


KDF Series-Dielectric Filter PBF Series-Bulk Filter 





KBR-Y Series-KHz Resonator 


a Power Supply (TPS) capacitor that’s ideal for laptop and DC/DC converter applications. Not to mention 


AVX ADVANCED 
PRODUCTS 





CRA Series-Chip Resistor Arrays CR Series-Chip Resistors Integrated Passive Components 


-profile chip. Or the 1206 Accu-Guard, the industry’s only thin-film SMT fuse. To learn more about AVX’s 








—- 6 





High-Temperature MLC Caps High-Voltage MLC Caps MAXI-SLC High-Frequency Caps 


Accu-L Inductors 


u'll discover nobody has a better read on exactly what you're looking for in SMDs. 


INN CORPORATION 


A KYOCERA GROUP COMPANY 
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WE POWER YOUR STRONGEST IDEAS 


When Techron began 
making power ampli- 
fiers in 1951, we had 
no idea how such 
technology would 
come to impact hu- 
man life. What be- 
gan as the power 
source for the music 
industry grew into the 
wellspring for some 
of mankind’s greatest 
achievements and 
most exciting new developments. A pathway to 
which Techron is fully dedicated. 


Techron’s reputation for creating a reliable high- 
power source led first to industrial and medical 
applications. A leading blue-chip company re- 
quired the power, speed and fidelity to power 
Magnetic Resonance Imaging systems that only 
a Techron amplifier could provide. Techron re- 
sponded with a custom product that supplied the 
gradient sub-system with precise, controlled, re- 
liable power day after day. 


The Techron spark of ingenuity has paved nu- 
merous inroads to a better way of life. After MRI 
applications came many exciting new fields of 
research. Most recently, research to make other 








medical procedures saf 
and less painful. TI 
clean, steady reliability 
Techron power is ther 


Techron’s influence hé 
been truly far-reachin 
In chemical analysis, e 
panding the ways X-ra\ 
create images. Guidir 
new ways of thinking 
space exploration. Pov 
ering oil exploration. V 
bration test systems. Quality assurance testin 
fortransformers, capacitors and cable harnesse: 
Recycling methods. Radar installations. Autc 
motive research for safer vehicles of the future 
Safer mining by underground signalling. Particl 
acceleration studies. Noise-reduction researct 
Digital simulation to test protective relays used b 
the electrical power generation and transmissio 
companies. 


It started with a product: Strong, clean, reliabli 
power amplifiers. But it grew to fuel a generatioi 
of strong new ideas that not only are improvin« 
our lives today, but building a better future. We’ re 
proud to be a part of it. And we’re committed tc 
staying here. Right behind your greatest ideas 
For literature call 1-800-933-7956. 


1TECHION. 


1718 West Mishawaka Road, Elkhart, Indiana 46515 -1000 
(219) 294-8300 for Sales and Applications Engineers 
Techron is a division of Crown® International Inc. 
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ACI Systems Inc. 
ACI Components Div. 

7002 S. Revere Pkwy., #40 

Englewood, CO 80112 

(303) 790-7565 

(TH) 

CIRCLE 800 


AMP Inc. 

P.O. Box 3608 

Harrisburg, PA 17105-3608 
(800) 522-6752 

(FC) (ON) (EM) (LL) (OS) (Ol) 
CIRCLE 801 


AND 

770 Airport Bivd. 
Burlingame, CA 94010 
(415) 347-9916 

(LL) 

CIRCLE 802 


ASC Capacitors 
301 West O St. 
Ogallala, NE 69153 
(308) 284-3611 
(FL) (FP) (FY) (FT) 
CIRCLE 803 


AVX Corp. 

17th Ave. South, P.O. Box 867 
Myrtle Beach, SC 29577 

(803) 946-0273 

(CR) (TF) (CH) (MT) (RN) 
(CM) (ED) (CG) (CP) (CN) 
(VB) (SU) (PF) (QC) (SC) (CY) 
(TC) (VC) (CK) (SO) 

CIRCLE 804 


Aerovox Aero M 
20 Aberdeen Dr. 
Glasgow, KY 42141 
(502) 651-8301 
(EA) 

CIRCLE 805 


Aerovox inc. 

740 Belleville Ave. 

New Bedford, MA 02745 
(508) 994-9661 

(EA) (FP) (FY) (PF) 
CIRCLE 806 


American Precision 
Industries 
Delevan/SMD 

270 Quaker Rd. 

East Aurora, NY 14075 

(716) 652-3600 

(AF) (IF) (RF) (SU) 

CIRCLE 807 


American Radionic Co. inc. 
AmRad Engineering 

32 Hargrove Grade 

Palm Coast, FL 32137 

(904) 445-6000 

(FY) 

CIRCLE 808 


Andersen Laboratories Inc. 
45 Old Iron Ore Rd. 
Bloomfield, CT 06002 

(203) 286-9090 

(vC) 

CIRCLE 809 


Arco Electronics inc. 
5310 Derry Ave. 
Agoura Hills, CA 91301 
(818) 707-6465 


(VB) (SU) (PL) (PF) 
CIRCLE 810 


Associated Components 
Technology 

11576 Trask Ave. 

Garden Grove, CA 92643 

(714) 636-2645 

(RF) (SU) (PF) 

CIRCLE 811 


Bliley Electric Co. 

2545 W. Grandview Blvd. 
Erie, PA 16508-0428 
(814) 838-3571 

(QC) (SC) (CY) (TC) (VC) 
(CK) 

CIRCLE 812 


Bourns Inc. 
integrated Technologies 
Div. 
1400 North 1000 West 
Logan, UT 94321 
(801) 750-7200 
(AU) (CF) (CE) (TF) (TH) 
(WW) (CO) (ST) (MT) (TR) 
(RN) (CN) 
CIRCLE 813 


Bourns Inc. 

Trimpot Div. 
1200 Columbia Ave. 
Riverside, CA 92507 
(909) 781-2517 
(AU) (CF) (CE) (TF) (WW) 
(CO) (ST) (MT) (TR) 
CIRCLE 814 


CTS 


Frequency Controls Div. 


400 Reimann Ave. 
Sandwich, IL 60548 

(815) 786-8411 

(MC) (QC) (SC) (CY) (TC) 
(VC) (CK) (SO) 

CIRCLE 815 


CTS Corp. 

Resistor Networks 
406 Parr Rd. 
Berne, IN 46711 
(219) 589-3111 
(TF) (RN) 
CIRCLE 816 


Caddock Electronics Inc. 
Applied Sciences Div. 

17271 N. Umpqua Hwy. 

Roseburg, OR 97470 

(503) 496-0700 

(TF) (HR) (MO) (RN) 

CIRCLE 817 


California Micro Devices 
Corp. 

215 Topaz St. 

Milpitas, CA 95035 

(408) 263-3214 

(TH) (CH) (RN) (CP) (CN) 

CIRCLE 818 


Cesiwid Inc. 

Globar Div. 
P.O. Box 339 

3425 Hyde Park Blvd. 
Niagara Falls, NY 14302 
(716) 278-2521 
(CR) 
CIRCLE 819 
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PASSIVE-COMPONENT MANUFACTURERS 


(CD) (CM) (ED) (FP) (MI) (CP) Champion Technologies Inc. 


2553 N. Edgington St. 
Franklin Park, IL 60131 
(708) 451-1000 

(CY) (TC) (VC) (CK) (SO) 
CIRCLE 820 


Clarostat Mfg. Co. 

1600 W. Plano Pkwy. 
Plano, TX 75075 

(800) 448-2900 

(CE) (WW) (CO) (ST) (MT) 
(TR) (EM) (IE) (IS) (OS) 
CIRCLE 821 


Coilcraft Inc. 

1102 Silverlake Rd. 
Cary, IL 60013 
(708) 639-2361 
(IF) (RF) (SU) (PF) 
CIRCLE 822 


Coiltronics Inc. 

6000 Park of Commerce Bivd. 
Boca Raton, FL 33487 

(407) 241-7876 

(AF) (IF) (RF) (SU) (PF) 
CIRCLE 823 


Cornell-Dubilier 
P.O. Box 128 
538 Sangamo Rd. 
Pickens, SC 29672 
(803) 878-6311 
(EA) (ED) (FL) (FP) (FY) (Ml) 
(CP) (SU) 
CIRCLE 824 


Curtis Industries 
2400 S. 43rd St. 
Milwaukee, WI 53219 
(414) 649-4200 

(PF) 

CIRCLE 825 


Data Display Products 

445 S. Douglas St. 

El Segundo, CA 90245-4630 
(310) 640-0442 

(LL) 

CIRCLE 826 


Dialight Corp. 

1913 Atlantic Ave. 
Manasquan, NJ 08736 
(908) 223-9400 

(IE) (1S) (LL) (LI) 
CIRCLE 827 


Durel Corp. 

645 W. 24th St. 
Tempe, AZ 85282 
(602) 731-6201 
(UV) 

CIRCLE 828 


EBG Inc. 

3705 Trindle Rd. 

Camp Hill, PA 17011-4335 
(717) 737-9877 

(CR) (MN) (TF) (TH) (HR) 
(MO) (RN) 

CIRCLE 829 


ESC Electronics Corp. 

534 Bergen Blvd. 

Palisades Park, NJ 07650 
(201) 947-0400 

(AF) (IF) (RF) (SU) (PL) (PF) 
CIRCLE 830 


(see p. 114 for key) 
(continued on p. 110) 
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V OVENIZED OSCILLATOR 
BOASTS HIGH STABILITY 


Performance rivaling atomic clocks 
is claimed for a high-performance 
ovenized crystal oscillator. The 260 
Series oscillator offers a thermal sta- 
bility of --17'° over a temperature 
range of -80 to +65°C. The aging per 
day is better than 1’ and the annual 

















achieves outstanding supply-voltage 
and load-sensitivity performance of 
+1 in both cases. Standard fre- 
quencies of 5, 10, and 18 MHz are 
available from stock. Pricing starts 
at $490 each depending on options. 

Milliren Technologies Inc. 

Two New Pasture Fd. 

Newburyport, MA 01950 

(508) 465-6064 

> CIRCLE 601 


W RED-LIGHT LASER DIODE 
ENHANCES OPTICAL DISKS 
A red-light semiconductor laser di- 
ode is designed especially for use in 
optical-disk systems. The 
TOLD9151MB diode operates at a 
wavelength of 685 nm and has an 
output power of 50 mW. The shorter 
wavelength and higher output com- 
pared to infrared alternatives (780 
nm) significantly increases the stor- 
age capacity of optical-disk systems 
by producing a smaller read/write 
spot on the disk surface. Using a 
strained multi-quantum structure, 
the diode operates with low noise. 
Samples will be available during the 
third quarter for $150 each. 
Toshiba America 
Electronic Components Inc. 
9775 Toledo Way 
Irvine, CA 92718 
(800) 879-4963 
> CIRCLE 602 








PASSIVE COMPONENTS 


‘V CRYSTAL OSCILLATOR 
DELIVERS DUAL TIMING 


Two precise timing signals at a 3.2 
constant frequency ratio are deliv- 
ered without a phase-locked loop by 
the Type NV9A Stratum III crystal 



























oscillator. The unit is oven-stabilized 
and voltage-controlled. Typical fre- 
quencies are 10.240 MHz and 32.768 
MHz. Frequency stability is main- 
tained within 1.5<10~ from zero to 
70°C. Frequency deviation is 
+10X10~ at zero to 10 V control volt- 
age. The unit requires supplies of 
+15 V de at 30 mA and +5 V deat 1.3 
A. Call for pricing and delivery. 
Bliley Electric Co. 


Electrocube Inc. 










Electronic Concepts Inc. 
526 Industrial Way West 
Eatontown, NJ 07724 






(516) 794-4500 








Electronic Film Capacitors 
Inc. 1 Industrial PI. 

41 Interstate Lane 

Waterbury, CT 06705 







(716) 532-2234 















































Fort Myers, FL 33905 


2545 W. Grandview Blvd. 
P.O. Box 8428 

Erie, PA 16508 

(814) 838-3571 

> CIRCLE 603 


V FILTER CAPACITORS 
AID SUPPLY DESIGNERS 

The MPH/MPL Series of filter ca- 
pacitors features an axial flame-re- 
tardant package. Type MPH comes 
with standard leads while type MPL 
comes with lug terminals. Available 
capacitance values range from 1 to 3 
mF in voltage ratings from 100 to 400 
WV dc. Ripple-current ratings are up 
to 30 A for the MPL and 15 A for the 
MPH at frequencies up to 100 kHz. 
Call for pricing and delivery. 

Illinois Capacitor Inc. 

3797 W. Touhy Ave. 

Lincolnwood, IL 60645 

(708) 675-1760, ext. 727 

> CIRCLE 604 


PASSIVE-COMPONENT MANUFACTURERS 


50 Schoolhouse Lane 


Freeport, IL 61032 





‘VW POWER RESISTORS 

OFFER HIGH PRECISION 
A pair of precision power resistor: 
comes in TO-220 configuration an 
offers low TCR, high stability, tigh 
tolerances, and fast response time 
The models VPR 220 (a two-lead de 
vice) and VPR 221 (four-lead Kelvir 
connection) have power application: 
that include current sensing anc 
uses as current shunts. Both handle 
8 W when chassis-mounted as pei 
MIL-R-39009 and offer TCRs of £ 
ppm/°C. Tolerances to 0.01% are 
available. Stability over load life is 
0.05% maximum AR at full rated 
power at 25°C for 2000 hours. Shelf 
life is 25 ppm (0.0025%) per year. Call 
for pricing and delivery. 

Vishay Resistors 

63 Lincoln Hwy. 

Malvern, PA 19355 

(215) 640-9081 

> CIRCLE 605 





Torrance, CA 90505 





55 Charles Lindbergh Bivd. 
Mitchel Field, NY 11553-3601 Brea, CA 92621 


(908) 542-7880 (QC) (CL) (CY) (TC) (VC) 
(FL) (FP) (FY) (FT) (FF) (CK) (SO) 
CIRCLE 832 CIRCLE 838 


Gowanda, NY 14070 


1300-B Pioneer St. 


(310) 697-4332 
(IS) (LL) (LI) (Ol) (PD) (PT) 
(PR) 


CIRCLE 844 


Gowanda Electronics Corp. Ii Stanley Co. Inc. 


2660 Barranca Pkwy. 
Irvine, CA 92714 
(714) 222-0777 


Div. of Bell Industries Inc. 
306 E. Alondra 


1307 S. Myrtle Ave. (813) 693-0099 (800) 537-6945 Portsmouth, Ri 02871-2418 (310) 534-1505 

Monrovia, CA 91016 (MC) (SC) (CL) (CY) (TC) (EM) (IE) (IS) (LL) (LI) (Ol) (401) 683-9706 (LL) (LI) 

(818) 301-0122 (VC) (CK) (SO) (PD) (PT) (PR) (CE) (TF) (TH) (HR) (CH) CIRCLE XXX 

(FL) (FP) (FY) (FT) (CN) CIRCLE 837 CIRCLE 843 CIRCLE 849 

CIRCLE 831 Lamp Technology Inc. 
Frequency Electronics Inc. IDEA Inc. J.W. Miller 1645 Sycamore Ave. 


Bohemia, NY 11716 
(516) 567-1800 


Gardena, CA 90248 (LL) 

(310) 515-1720 CIRCLE 855 

(IF) (RF) (SU) 

CIRCLE 850 MF Electronics Corp. 

10 Commerce Dr. 

KCK America New Rochelle, NY 10801 
Div. of Mitsubishi (914) 576-6570 

4080 Winnetka Ave. 


Rolling Meadows, IL 60008 


(MC) (QC) (CY) (VC) (CK) 
(SO) 


(203) 755-5629 (IF) (RF) (SU) (IE) (IS) (LL) (LI) (OS) (PH) (708) 577-0200 CIRCLE 856 

(FL) (FP) (FY) (FT) CIRCLE 839 (PD) (PR) (CH) (CD) (CP) (SU) (PF) 

CIRCLE 833 CIRCLE 845 CIRCLE 851 MTI-Milliren Technologies 

Hewlett-Packard Co. Inc. 

Electronic Precision Components Div. ITW Paktron KEMET Electronics Corp. Two New Pasture Rd. 
Components 370 W. Trimble Rd. 1205 McConville Rd. P.O. Box 5928 Newburyport, MA 01950 
BG Electronics Div. San Jose, CA 95131-1008 Lynchburg, VA 24502 Greenville, SC 29606 (508) 465-6064 

519 S. Fifth Ave. (800) 357-7715 (804) 239-6941 (803) 963-6589 (CY) (TC) (SO) 

Mt. Vernon, NY 10550-4407 (FC) (ON) (EM) (IE) (IS) (LL) (FP) (FY) (CP) (CN) (CM) (CP) CIRCLE 857 

(914) 664-5591 (LI) (Ol) CIRCLE 846 CIRCLE 852 

(AF) (IF) (RF) (PL) (PF) CIRCLE 840 Magnetic Technology Inc. 

CIRCLE 834 lilinois Capacitor Inc. KOA Speer Electronics Inc. 1237 Executive Dr. East 

Hirose Electric USA 3757 W. Touhy Ave. P.O. Box 547, Bolivar Dr. Richardson, TX 75081 

ELtech 2688 Westhills Ct. Lincolnwood, IL 60645 Bradford, PA 16701 (214) 480-8585 

181 Gibraltar Rd. Simi Valley, CA 93065 (708) 675-1760 (814) 362-5536 (AF) (IF) (RF) (SU) 

Horsham, PA 19044 (805) 522-7958 (CD) (EA) (FL) (FP) (FY) (CF) (MN) (TF) (TH) (HR) CIRCLE 858 

(215) 441-0404 (ON) CIRCLE 847 (MO) (WW) (CH) (ST) (TR) 

(UV) CIRCLE 841 (RN) (CP) (SU) Marktech International 

CIRCLE 835 Inductive Components CIRCLE 853 Corp. 

Hokuriku USA Ltd. & Crystal 5 Hemlock St. 

Ericsson Components Inc. 200 N. Northwest Hwy. 10555 Dale Ave. Kamaya Inc. Latham, NY 12110 

403 International Pkwy. Barrington, IL 60010 Stanton, CA 90680 4000 Transportation Dr. (518) 786-6591 
Suite 500 (708) 382-9411 (800) 899-3420 Fort Wayne, IN 46818 (FC) (ON) (EM) (IE) (LL) (LI) 

Richardson, TX 75081 (AU) (CF) (CE) (TF) (TH) (AF) (IF) (RF) (SU) (MC) (QC) (219) 489-1533 (Ol) (PD) (PT) (PR) 

(214) 669-9900 (MO) (CH) (ST) (TR) (RN) (SC) (CL) (CY) (TC) (VC) (CF) (MN) (TF) (TH) (MO) CIRCLE 859 

(EM) CIRCLE 842 (CK) (SO) (CH) (RN) 

CIRCLE 836 CIRCLE 848 CIRCLE 854 

Honeywell Inc. 
Fox Electronics MICRO SWITCH International Mfg. LEDTRONICS Inc. (seep 4 oe 
5570 Enterprise Pkwy. 11 W. Spring St. Services Inc. 4009 Pacific Coast Hwy. (continued on p. 112) 
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Vv QUARTZ CRYSTALS 
UP FUNDAMENTALS 


Computer and communications de- 
sign engineers can achieve very 
high-frequency control over a broad 
temperature range with the HFX Se- 
ries of quartz-crystal components. 
The AT-cut devices, which offer fun- 
damental frequencies from 60 to 200 
MHz, are available in miniature 2-by- 
o-mm or UM1/HC45 metal pack- 
ages. The devices exhibit excellent 
aging and stability characteristics. 
Using the company’s Tab-Mesa pro- 
cessing technology, the crystals are 
produced with overtone frequencies 
to 622 MHz. Frequency calibration 
tolerance at 25°C can be specified as 
+25, +50, or +100 ppm. Pricing 


‘V TANTALUM-CHIP CAPS 


MEET SWITCHER NEEDS 


Designed for use in switchmode 
power supplies and de-de converters, 
the Type 593D solid-tantalum chip 
capacitor is molded for high-volume 
surface mounting. The device comes 
in 20 different values from 10 to 220 
pF. Voltage choices include 6.3, 10, 
16, 20, 25, and35 WV deat—55 to 85°C. 
Operating temperatures can be ex- 
tended to 125°C with voltage derat- 
ing. Low ESR and high ripple-cur- 
rent carrying capacity matches out- 
put filtering requirements in switch- 
ers and dc-dc converters. A typical 
593D in a D case with capacitance of 
100 pF, voltage rating of 10 WV de, 
and tolerance of —-20% with ESR of 


‘VW LOGIC DELAY LINES 
IN FOUR LEAD TYPES 

Compatible with FAST and Schottk 
T’L circuits, the PFLDL line of 3-b 
programmable delay lines feature 
stable and precise delays up to 355 r 
in a 14-pin DIP package. The dela 
lines allow for final delay adjus 
ment during or after installation in 
circuit and are available wit 
through-hole leads or in gull-wing 
tucked, or J-lead SMT designs. Proy 
agation delays are fully compensat 
ed, digitally programmable, an 
available in 23 delay steps with resc 
lutions from 0.5 to 50 ns. Prices star 
at less than $14 in lots of 100. Deliv 
ery is from stock to four weeks. 

Engineered Components Co. 


ranges from $3 to $20. 0.12 goes for $0.589 in lots of 1000. 3980 Sacramento Dr. 
SaRonix Sprague P.O. Box 8121 
151 Laura Lane 678 Main St. San Luis Obispo, CA 
Palo Alto, CA 94303 Sanford, ME 04073 93403-8121 
(415) 856-6900 (207) 324-4140 (805) 544-3800 
> CIRCLE 606 > CIRCLE 607 > CIRCLE 608 
ae PASSIVE-COMPONENT MANUFACTURERS 
McCoy, Ovenaire, Spectrum, 7545 Rockville Rd. Piezo Technology Inc. (MC) (QC) (SC) (CL) (CY) Shogyo International Corp. 
Croven Indianapolis, IN 46214 2525 Shader Rd. (TC) (VC) (CK) (SO) 287 Rt. 25A 
Oak Frequency Control (317) 273-0090 Orlando, FL 32804 CIRCLE 876 Great Neck, NY 11021-4799 
P.O. Box B, 100 Watts St. (WW) (CD) (CM) (EA) (ED) —_ (407) 298-2000 (516) 466-0911 
Mount Holly Springs, PA (EW) (FL) (FP) (FY) (FT) (CP) (QC) (SC) (CL) (CY) (TC) Renco Electronics Inc. (AF) (RF) (LL) 
17065 (VB) (VC) (CK) (SO) 60 Jefryn Bivd. East CIRCLE 882 


(717) 486-3411 CIRCLE 865 
(QC) (SC) (CL) (CY) (TC) 
(VC) (CK) (SO) 


CIRCLE 860 





Skokie, IL 60076 











(CH) (RN) (CP) (CN) 





CIRCLE 862 Riviera Beach, FL 33404 (408) 720-1440 (CF) (MN) (MO) (CH) (RN) Siemens Components Inc. 
(407) 881-3308 (IE) (IS) (LL) (LI) (OS) (Ol) = (CM) (CP) (EM) (IE) (IS) (LL) Special Products Div. 
NEC Electronics Inc. (CF) (MN) (TF) (ST) (MT) (TR) (PD) (PR) (LI) (PR) 186 Wood Ave. South 
475 Ellis St., MS-MV4580 (RN) (CD) (CM) (EA) (ED) CIRCLE 874 CIRCLE 879 Iselin, NJ 08830 
Mountain View, CA 94039 $$ (EW)(LL)(Ol)(PT) ~ (908) 906-4300 
(800) 366-9782 CIRCLE 868 RCD Components Inc. SI Tech (CM) (EA) (ED) (EW) (FL) 
(CM) (ED) (EM) (IE) » (LI) 520 E. Industrial Park Dr. P.O. Box 609 (FP) (FY) (CP) (PF) 

(Ol) (PR) Pico Electronics __. Manchester, NH 03109 Geneva, IL 60134 CIRCLE 885 
CIRCLE 863 453 N. MacQuesten Pkwy. (603) 669-0054 (708) 232-8640 

Mt. Vernon, NY 10522 (AU) (CF) (CR) (CE) (MN) (FC) (ON) (EM) (Ol) Siemens Fiber Optic 
NTE Electronics Inc. (914) 699-5514 (TF) (TH) (GL) (HR) (MO) CIRCLE 880 Components 
44 Farrand St. (SU) (WW) (CH) (RN) (CN) (AF) 20 F Commerce Way 
Bloomfield, NJ 07003 _ CIRCLE 869 (IF) (RF) (SU) (PL) Saronix Totowa, NJ 07512 
(800) 631-1250 CIRCLE 875 151 Laura Lane (201) 890-1606 
(MN) (MO) (WW) (CD) (EA) _—Piezo Crystal Co. Palo Alto, CA 94303 (ON) (EM) (OS) 
(ED) (FP) espe, (LI) (Ol) 100 "K" St. Raltron Electronics Corp. (415) 855-6887 CIRCLE 886 
CIRCLE Carlisle, PA 17013 2315 N.W. 107th Ave. (MC) (QC) (SC) (CL) (CY) 

(717) 249-2151 Miami, FL 33172 (TC) (VC) oe (SO) 
North American Capacitor (QC) (CY) (305) 593-6033 CIRCLE 

Co CIRCLE 870 (see p. 114 for key) 


Mallory Div. 


Ohmite Mfg. Co. Inc. 
3601 W. Howard St. 


2001 W. Blue Heron Blvd. 


CIRCLE 871 


Deer Park, NY 11729 


(516) 586-5566 Shokai Far East Ltd. 
Prem Magnetics Inc. (AF) (IF) (RF) (SU) (PF) 9 Elena Ct. 
3521 N. Chapel Hill Rd. CIRCLE 877 Peekskill, NY 10566 


McHenry, IL 60050 


Sunnyvale, CA 94086 


(615) 641-2020 


(914) 736-3500 






















Micro Ohm Corp. (708) 675-2600 (815) 385-2700 Robert G. Allen Co. Inc. (AU) (CF) (CE) (MN) (HR) 
1088 Hamilton Rd. (CC) (CF) (CR) (MN) (TF) (AF) (RF) (SU) 7267 Coldwater Canyon (MO) (WW) (CH) (ST) (MT) 
Duarte, CA 91010 (GL) (HR) sh idad. (ST) (RF) CIRCLE 872 North Hollywood, CA 91605 (TR) (RN) (CD) (EA) (CP) 7 
(818) 357-5377 CIRCLE (818) 765-8300 (CN) (VB) (AF) (IF) (RF) (SU) | 
(MN) Quality Technologies Corp. (CC) (CF) (CR) (CE) (TH) (QC) (SC) (CL) (CY) (CK) 
CIRCLE 861 Optek Technology Inc. Custom/IR Products (MO) (WW) (CH) (RN) (CD) (SO) (IE) (IS) (LL) (LI) (PT) 
1215 W. Crosby Rd. 2340 Trinity Mills, #330 (CM) (EA) (EW) (FL) (FP) CIRCLE 883 
Mini-Systems Inc. Carrollton, TX 75006 Carrollton, TX 75006 (FY) (FT) (CP) (CN) (VB) (IE) 
Thin Film Div. (214) 323-2200 (214) 418-2946 (IS) (LL) (LI) Siecor Corp. 
20 David Rd., P.O. Box 69 (EM) (IE) (1S) (LI) (OS) (Ol) see (iS) yas (OS) (PD) (PR) CIRCLE 878 P.O. Box 489 
North Attleboro, MA (PD) (PT) (PR) CIRCLE Hickory, NC 28603-0489 
02761-0069 CIRCLE 867 Rohm Corp. (704) 327-5000 
(508) 695-0203 Quality Technologies Corp. 3034 Owen Dr. (FC) (ON) 
(CR) (CE) (TF) (TH) (GL) (HR) Philips Components 610 N. Mary Ave. Antioch, TN 37103 CIRCLE 884 


(continued on p. 114) 
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Order by FAX: 216/696-6413 or call 696-7000, x 4137 














PASSIVE COMPONENTS 


Vv RESISTOR NETWORK 

COMES ON FINE PITCH 
A 42-lead, double-upright-style resis- 
tor network features 25-mil lead 















spacing with up to 40 ultra-stable 
thin-film resistor elements. Termina- 
tions are gold-to-gold with external 
leads attached directly to gold pads 
on a ceramic substrate. Resistance 
range is 50 2 to 100 kO with absolute 
tolerances from 1% to 0.1%. Ratio to- 
lerances are from 0.5% to 0.1%. Abso- 
lute TCR is +50 ppm/°C at +25 
ppm/°C. Power rating is 50 mW/ele- 
ment typical at 25°C/0.9 W/package. 

Ohmtek Inc. 

2160 Liberty Dr. 

Magara Falls, NY 14304 

(716) 283-4025 

> CIRCLE 609 


PASSIVE-COMPONENT MANUFACTURERS 


VY MINI TRIMMING POTS 
KEEP PROFILES LOW 


Applications calling for a low profile 


and an extended resistance range 
are suitable for the G3 and G4 Series 
of micro-miniature trimming poten- 
tiometers. Both series are available 
in top-adjust versions. The G4 Series 
is also offered in a side-adjust config- 
uration. G8 types are 3.4 by 3.2 mm 
and stand 2 mm tall. Values range 
from 1001 to1 MOQ. The G4 types are 
5 by 4.5 mm and are 2.8 mm tall. The 
series ranges from 10 to 2 MQ. 
Each series is available with either J- 
lead or gullwing terminals and oper- 
ates in a temperature range of —55 to 
125°C. Pricing is $1.55 for the G3 and 





$0.71 for G4 trimmers in lots of 100 
Delivery is in six to eight weeks. 
Tocos America 
1177 E. Tower Rd. 
Schaumburg, IL 60173 
(708) 884-6664 
> CIRCLE 610 


VY TRIMMER CAPS LIFT 

Q OVER FREQUENCY 
A high Q over a broad frequenc 
range, a high operating voltage c 
400 V de, and excellent temperatur 
stability are characteristics of th 
Cera-Trim II ceramic trimmer capac 
itor. The units are suitable for a wid 
range of environmental conditions 
The single-turn, surface-mount ce 
pacitor comes in a range of value 
from 0.5 to 2 pF to 5 to 15 pF. Pricin; 
is $0.85 in lots of 1000. Delivery i 
from stock to six weeks. 

Johanson Mfg. Corp. 

Rockaway Valley Rd. 

Boonton, NJ 07005 

(201) 334-2676 

> CIRCLE 611 





Solitron Devices Inc. (49) 07268/8010 Valpey-Fisher Corp. (MN) Metal/non-metal film (PL) Passive delay lines 

Semiconductor Group (MC) (QC) (SC) (CL) (CY) 75 South St. (TF) Thick film (PF) Passive filters 
1301 Electronics Way (TC) (VC) (CK) (SO) Hopkinton, MA 01748 (TH) _ Thinfilm 
West Palm Beach, FL 33407 CIRCLE 892 (508) 435-6831 (GL) Glass Crystals and Oscillators 
(407) 848-4311 (MC) (QC) (SC) (CY) (HR) High resistance (MC) Microprocessor 
(CR) (MN) (TH) (HR) Thermometrics Inc. (TC) (VC) (CK) (SO) (MO) Metal oxide crystals 
(CH) (TR) (RN) Bowthorpe CIRCLE 898 (WW)  Wire-wound (QC) Quartz crystals 
CIRCLE 887 808 U.S. Hwy. 1 (CH) Chip (SC) Surface-mounted 

| Edison, NJ 08817 Vectron Laboratories Inc. (CO) Conductive plastic crystals 

Spectrol Electronics Corp. (908) 287-2870 166 Glover Ave. (ST) _Single-turn pot (CL) Crystal filters 
4051 Greystone Dr. (MO) (IS) Norwalk, CT 06850 (MT) = Multi-turn pot (CY) Crystal oscillators 
Ontario, CA 91761 CIRCLE 893 (203) 853-4433 (TR) ‘Trimmers (TC)  Temperature-con- 
(909) 923-3313 (CY) (TC) (VC) (CK) (SO) (RN) Resistor networks trolled oscillators 
(ST) (MY) (TR) Toko America Inc. CIRCLE 899 (VC) —Voltage-controlled 
CIRCLE 888 1250 Feehanville Dr. Capacitors oscillators 

Mount Prospect, IL 60056 —_—Vishay Electronic a (CK) — Clock oscillators 
Sprague-Goodman (708) 297-0070 Components U.S. (CD) = Ceramic/disk (SO)  Surface-mounted 

Electronics (AF) (IF) (RF) (SU) (PL) (PF) 1122 213rd St. (CM) = Ceramic/multilayer oscillators 
134 Fulton Ave. CIRCLE 894 Columbus, NE 68601-3647 (EA) — Electrolytic/aluminum 
Garden City Park, NY 11040 (402) 563-6350 (ED) _Electrolytic/tantalum Optoelectronics 
(516) 746-1385 Toshiba Marcon Electronics (MN) (TF) (TH) (HR) (MO) dry slug (EL) —Electroluminescents 
(Al) (CM) (FL) (FY) America Corp. (WW) (CH) (ST) (MT) (TR) (EW) = Electrolytic/tantalum (FC) Sages cables 
(GC) (MI) (VB) (SU) 998 Forest Edge Dr. (RN) (ED) (EW) (FL) (FP) wet (ON) — Fiber-optic connec- 
CIRCLE 889 Vernon Hills, IL 60061 (FY) (CP) (AF) (IF) (RF) (FL) —_ Film/polycarbonate =U 

(708) 913-9980 (SU) (PF) (CK) (SO) (FP) —_Film/polyester (EM) — Fiber-optic emitters/ 
Standard Crystal Corp. (MO) (CM) (EA) (ED) CIRCLE 900 (FY) — Film/polypropylene detectors — 
9940 E. Baldwin PI. (EW) (FP) (FY) (CP) (FT) _Film/polystyrene (IE) —_ Infrared emitters 
El Monte, CA 91731 CIRCLE 895 Vishay Resistors Systems (FF) _ Film/polysulfone (IS) Infrared sensors 
(818) 443-2121 63 Lincoln Hwy. (CG) Glass (LL) —_LEDs, light-emitting 
(MC) (QC) (SC) (CY) US Conec Ltd. Malvern, PA 19355 (MI) ~=—‘Mica (LI) —_ LEDs, IR-emitting 
(TC) (VC) (CK) (SO) P.O. Box 2306 (215) 251-5267 (TE) Teflon (OS) Optical switches 
CIRCLE 890 Hickory, NC 28603-2306 (AU) (TF) (TH) (GL) (VA) Vacuum (Ol) Optocouplers/isola- 
. (704) 323-8883 (HR) (CH) (TR) (RN) (CP) Chip tors 

State of the Art Inc. (ON) CIRCLE 901 (CN) Capacitor networks (PH) Photocells _ 
2470 Fox Hill Rd. CIRCLE 896 (VB) Variable capacitors | (PC) — Photoconductive cells 
State College, PA 16803-1797 KEY (PD) —Photodarlingtons 
(814) 355-8004 Valor Electronics Inc. oe soe Coils, and (PT) a and 

F) (TH) (H esistors 
Snce bala So bcos CA a AU) Audio (AF) Audio frequency (PR) —_Phototransistors 

(619) 537-2600 (CC) Carbon composition (IF ) Intermediate (UV) UV sensors 

Tele Quartz Group GmbH _ (RF) (SU) (PL) (PF) (CF) Carbon film frequency 
Landstrasse, D-74924 CIRCLE 897 (CR) Ceramic (RF) — Radio frequency 
Neckarbischofsheim 2 (CE) Cermet (SU) = Surface-mounted 
Germany 
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And Lower Your Production Costs. 


Dialight LED arrays reduce the number of Better still, the 
insertions for significant savings in production costs. superior appearance 
of our arrays can 
It’s that simple. We can supply you with the widest aesthetically enhance 
your finished product. 


variety of arrays available anywhere — from 2 tol2 
ight rtkec eon te. dock eee: Dialight. The 
. ie ale oe y are industry leader in solu- 
tions for the application 


What’s more, if you require a custom configuration, 
of LEDs. 


Contact: Dialight Corp., Dept. CAD994, 1913 


Dialight can provide that too. 
Atlantic Ave., Manasquan, NJ 08736. 


And consider this: Dialight’s “block” housing delivers 
precise lead and LED alignment every time. The array 


package is designed with ease of insertion in mind — as 
a single piece — and does not use the cumbersome inter- 


lock approach you may have seen elsewhere. 
Recipient, Motorola Supplier Award for Excellence 


ALL INDICATIONS ARE 
~lLig™ |] i 


| 


UK/IRELAND 
Tel: 444 0638.665161 


SINGAPORE 
Fax: 444 0638.660718 


Tel: 65-4473735 


JAPAN 
Fax: 65-4472482 


Tel: 403-3348-061 1 


CONTINENTAL EUROPE 
Fax: 403-3348-0623 


Tel: +33 64 30 55 55 


UNITED STATES 
Fax: +33 60 07 64 65 


Tel: (800)441-0091 
FAX: (800)441-0092 


READER SERVICE 83 





Y MIDGET-BASE LEDs 
REPLACE INCANDESCENTS 

. family of midget flange- and 
roove-based, multi-chip LED lamps 
re direct plug-compatible replace- 
nents for midget incandescent or 
eon lamps. Applications are in min- 
ature switches, indicators, annunci- 
tors, and more. LED lamps operate 
ip to ten times as long as the incan- 






descents they replace and are resis- 
tant to vibration and shock. Lamps 
can be supplied for all common indi- 
cator-supply voltages from 5 to 120 V 
dc or ac (50 to 400 Hz). The products 
feature built-in current-limiting re- 
sistors and polarity-protection di- 
odes. Call for pricing and delivery. 
Ledtronics Inc. 

4009 Pacific Coast Hwy. 
Torrance, CA 90505 

(310) 584-1505 

> CIRCLE 612 


W CRYSTAL RESONATOR 

MEETS WIRELESS NEEDS 
Claimed as the first SMD and 
through-hole AT-strip resonator 
available in a 2-by-6-mm metal can, 
the MXAT resonator is offered in 
frequencies from 14 to 25 MHz. Pre- 





viously, such devices were available 
only in ceramic packages and larger 
metal cans. The MXAT was the solu- 
tion for the crystal requirement of 
the Rockwell RC224ATF integrated 


V.22 bis data/fax modem with AT , 
ELECTRONIC DESIGN ® PIPS SPECIAL EDITORIAL FEATURE = SEPTEMBER 5, 1994 


and Class 1 commands in a wireless 
application. The product required a 
crystal with a frequency of 16.00312 
MHz £20 ppm. Pricing for that de- 
vice is $1.77 in lots of 100,000 with 
delivery in six to eight weeks. 

Micro Crystal 

A Division of SMH 

702 W. Algonquin Fd. 

Arlington Heights, IL 60005 

(708) 806-1485 

> CIRCLE 613 


VW SHIELDED INDUCTOR 
MINIMIZES COUPLING 


Minimal magnetic coupling to other 
components in RF circuitry is 
achieved by using the model ISC- 
1210 shielded surface-mount induc- 
tor. Engineered for high-speed SMT 
applications, the device is supplied in 
EIA-481 tape-and-reel packaging. It 
fits the standard 1210 footprint. In- 





to 100 wH. Standard tolerances are 
+20% and =£10% depending on val- 
ue. Other tolerances are available on 
request. A 1-H inductor with 10% 
tolerance goes for $0.214 in lots of 
4000. Delivery is in six weeks. 


Dale Electronics Inc. 
East Hwy. 50 

P.O. Box 180 

Yankton, SD 57078-0180 
(605) 665-9301 

> CIRCLE 614 


W PANEL-MOUNT POT 
OFFERS WIDE RANGE 

Designed for panel control or pc- 
board applications, the model 248/ 
249 is a 1/2-in.”, single-turn potenti- 
ometer. The device is qualified for a 
rotational life of 50,000 cycles (the 
model 248) and 25,000 cycles (model 





PASSIVE COMPONENTS 








249). Using conductive plastic and 
cermet elements, respectively, the 
devices offer resistance ranges from 
100 2 to 500 kN (model 248) or to 1 
MQ (model 249). Power rating is 0.5 
W and 1 W, respectively. Two shaft 
diameters enhance the range of con- 
trol-knob options. Call for pricing. 

Spectrol Electronics Corp. 

4051 Greystone Dr. 

Ontario, CA 91761 

(909) 923-3313 

> CIRCLE 615 


VW SMT CERAMIC CAPS 

BOOST VALUE RANGE 
Additional capacitances are now 
available for the MCS Series of ce- 
ramic chip capacitors. Values from 
10,000 pF to 6.8 million pF are of- 
fered in these larger versions of the 
MCS line. The large capacitors fea- 
ture the terminations made with a 
dry-film process that overcome sev- 
eral problems associated with con- 
ventional plated devices. The capaci- 
tors need not be immersed in plating 
solutions that can deposit conductive 
ions on the ceramic, causing insula- 
tion-resistance failures. Pricing 
ranges from $0.018 to $0.67 in lots of 
10,000. Delivery is from stock to 10 
weeks. 

ROHM Corp. 

3034 Owen Dr. 

Antioch, TN 37013 

(615) 641-2020, ext. 117 

> CIRCLE 616 


W ELECTROLYTIC CAPS 

START AC MOTORS 
Specially designed to provide the 
torque necessary to start ac motors 
and other intermittent ac applica- 
tions, the MSC Series of ac electro- 
lytic capacitors features two 0.25-in. 
quick-connect terminals and a round 
moisture- and oil-resistant plastic 
ease. The device operates from 110 to 
330 V ac and has a capacitance range 
of 21 to 1200 mF (110/125 V), 21 to 324 
mF (221/250 V), and 21 to 259 mF (330 
V). They operate from -40 to 65°C 
and have an operating frequency of 
47 to 60 Hz and power factor of 107% 
maximum (12% at less than 30 mF). 
Call for pricing. 

NTE Electronics Inc. 

44 Farrand St. 

Bloomfield, NJ 07003 

(800) 683-6837 

> CIRCLE 617 





POWER SOURCES 


‘VW CONVERTER MODULES 
POWER DISK DRIVES 

A series of power-converter modules 
is specifically designed as a distrib- 
uted power supply for disk drives 
and other mass-storage devices. The 
DiskPower converter modules oper- 
ate from an input range of 18 to 36 V 
dc (models TCO50AB and TCO70AB) 
or 36 to 72 V de (models TWO050AB 





SIEMENS 


and TWO70AB). They offer separate- 
ly regulated outputs of +5 and +12 
V de. Overvoltage and overcurrent 
protection is provided in all modules. 
The 12-V output supports peak spin- 
up surges of 3.5 A (50-Series) and5 A 
(70-Series). The modules feature ex- 
tremely low noise levels of 60 mV p-p 
on +12 V. Samples are available now. 
Production quantities start at $35 for 


GaAs Power 


FETs: most power- 


ful performers 
inthe 3V class! 


Designing for mobile communicati- 
ons? Our range of GaAs Power FETs 
are your perfect partners for GSM, 
PCN, ETCAS and DECT: they out- 
perform every other semiconductor 
in their class. Each is available in a 
low-cost standard SMD housing. 
Want to know more? 

Fax (49) 911-3 0012 38, Info HL 9121 


Global PartnerChip 


Systems on Silicon 
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the TCO50AB. 
AT&T Microelectronics 
Room 21Q-133BA 
599 Union Blvd. 
Allentown, PA 18103 
(800) 3722-2447, Dept. P30 
> CIRCLE 618 


‘Vv LOW-PROFILE SWITCHER 
PUMPS OUT 600 W 

A series of low-profile switching 
power supplies provides 600 W o: 
output with a power density of 3.5 
W/in.’®. The 126-Series supplies of 
fers any number of configurations 
depending on customer needs. Ac-in; 
put range is from 90 to 182 V ac anc 
180 to 264 V ac, single-phase (user se- 
lectable). Operating at a fixed 7( 
kHz, the model 126-01 offers +5 V de 
at up to 100 A, +12 V deat up to 20 A, 
-12 Vdeatupto10A,and+12 Vdcat 
up to 10 A. Pricing is from $435 in lots 
of 1000. Delivery is in six to eight 
weeks. 

Conversion Equipment Corp. 

330 W. Taft Ave. 

Orange, CA 92665 

(714) 637-2970 

> CIRCLE 619 


‘v RF POWER TRANSISTORS 
DELIVER 2 TO 36 W 

A line of six Class-A, RF npn power 
transistors provides power in the 
range of 2 to 36 W, depending on the 
device. The units, which are designed 
for operation in the 800-to-960-MHz 
range, are for 24-V UHF large-sig- 
nal, common-emitter, linear-amplifi- 
er applications. The MRF857 is in a 
stud package, while the MRF857S is 
in a studless pill package and the 
MRF®58 is in an SOE flange pack- 
age. The MRF860, 861, and 862 tran- 
sistors come in push-pull flange 
packages. Pricing starts at $14.64 
for the MRF857, a2.1-W device. Sam- 
ples and small quantities are from 
stock. 

Motorola Inc. 

9005 E. McDowell Rd. 

Phoenix, AZ 85008 

(602) 244-6108 

> CIRCLE 620 
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What a can of worms: impossible electronic and mechanical requirements, multiple vendors, looming deadlines. 
Make it easy. Throw the whole mess at us. We define quality as total customer satisfaction and maintain carefully 
controlled manufacturing systems to reduce lead times and costs on complete interconnect systems engineered for 
maller and more precise electronic equipment. We’re using conductors as small as 44 AWG. High-speed coaxes 


with up to 93% velocity of propagation. Terminations to standard industry connectors or to 





specially designed custom connectors, including one that allows conductors to be terminated at 


4 density of over 500 contacts per square inch. And terminations on flex circuits with center line PRECISION 


INTERCONNECT 


spacing smaller than 0.025”. That’s today. Tomorrow? Just tell us what you’re fishing for. wwe GN AMP company 


Precision Interconnect, 16640 S.W. 72nd Avenue, Portland, OR 97224 (503) 620-9400 Fax (503) 620-7131. Sales offices in U.S., Europe and Japan. 


S10) 008 BO) Ne a @).@ (O)U) 4 
SIEST PROBLEMS. 
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INTERCONNECTIONS 


‘V FUSE BLOCK TAKES BOTH 
AMERICAN, METRIC TYPES 

A dual-fuse clip enables the OGD 
fuse block to accept either 1/4-by-1- 
1/4-in. fuses in its upper portion or 5- 
by-20-mm fuses in its lower portion. 
Built in accordance with IEC 65, sub- 
clause 14.5.2/VDE 0860, the block 
makes it impossible to install both 


types at the same time. The block 
eliminates the need for soldering or 
desoldering leaded fuses. It’s UL- 
and CSA-approved for 16 A/250 V 
and VDE-, SEMKO-, and SEV-ap- 
proved for 10 A/250 V. Pricing is 
$0.38 in lots of 1000. Delivery is from 
stock. 

Schurter Inc. 

1016 Clegg Ct. 

Petaluma, CA 94954 

(707) 778-6311 

> CIRCLE 621 


‘V DUAL-SLOT CONNECTOR 
HOUSES PCMCIA CARDS 
Two-piece construction provides full 
access for visual inspection of solder 
terminations in the IC8, a dual-slot 
SMT-to-board pe-card connector. 





Two cards per device is key for mo- 
bile-computer designers who need to 


meet PCMCIA 2.0 and JEIDA Ver- — 


sion 4.1 requirements for type I, II, 
and III cards. The connector comes 
in either standard or reverse config- 
uration and accepts all three card 
types for insertion in either slot. 
Ejectors are provided for each slot, 
and standoffs are available so that 
components can be placed under- 
neath the ejector portion. Pricing is 





$11 in OEM lots. Small quantities are 
delivered from stock. 

Hirose Electric (U.S.A.) Inc. 

2688 Westhills Ct. 

Simi Valley, CA 93065-6235 

(805) 522-7958 

> CIRCLE 622 


VW 7/16 COAX CONNECTORS 
MEET DIN STANDARDS 

The 7/16 series of coaxial connectors 
conforms to DIN 47223 and other ap- 
plicable IEC, VG, and CECC stan- 
dards. The 50-N connectors have an 
M 29 x 1.5 mating thread and com- 
bine durability, high power-handling 





capability, and a VSWR as lo 
1.07:1 at 2 GHz, depending on the ca- 
ble used. They’re constructed of 
nickel-plated brass with Teflon insu- 
lators. The line includes a variety of 
plugs and receptacles, with custom 
configurations also available. Call 
for pricing and delivery. 

Delta Electronics Mfg. Corp. 

P.O. Box 53 

Beverly, MA 01915 

(508) 927-1060 

> CIRCLE 623 


V SHIELDED-I/0 LINE 

MEETS SCSI SPECS 
A high-density, shielded-I/O line 
provides a reliable, cost-effective 
mechanical interface in full confor- 
mance with the requirements of 








ANSI X8T10 group’s SCSI-2 and 
SCSI-3 (SPI) standards. Applications 
for the SCSI+ line include main- 
frames, file servers, workstations, 









disk and tape drives, RAID, CD 
ROMs, and PCs. As a pricing exam 
ple, in quantities of 1000, a 50-circui 
shielded plug goes for $4.48. Call fo 
delivery information. 

Molex Ine. 

2222 Wellington Ct. 

Lisle, IL 60532 

(800) 78-MOLEX 

> CIRCLE 624 


VW PGA ZIF SOCKETS 

TAKE 238-PIN PENTIUMS 
The 675 Series zero-insertion-force 
sockets are designed to accept 237 
pin (socket no. 3) and 238-pin (socke’ 











no. 2) Intel Pentium Overdrive Ready 
devices. The sockets feature an easy- 
to-use single-level actuation handle 
to facilitate PGA-device insertion 
and withdrawal without special 
tools. Typical unit price in small 
quantities is $5. Delivery is from 
stock to three weeks. 

Andon Electronics Corp. 

4 Court Dr. 

Lincoln, RI 02865 

(401) 333-0388 

> CIRCLE 625 


Vv TWO-TIER TERMINAL 
DOUBLES PCB SPACE 

The RIACON two-tier pc-board ter- 
minal strips double the available ter- 
mination space on boards. The Type 
96 and 97 Series modular devices are 
offered in two and three positions 
and are rated at 300 V at 20 A. Their 
connecting system securely clamps 
single or multiple connectors in a 
wire range of 12 to 26 AWG. In addi- 
tion, the termination system eases 
mechanical stress on solder joints. 
Center-to-center spacing is 5 mm for 
Type 96 and 5.08 mm for Type 97. | 
Call for pricing and delivery. | 

RIA electronic Inc. | 

15 Meridian Rd. 

P.O. Box 447 

Eatontown, NJ 07724 

(908) 389-1300 

> CIRCLE 626 
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DOUBLE-BREAK 
SUBMINIATURE BASICS 
May be subminiature in size but 
these basics switch up to 10 am- 
peres with 100,000 minimum 
cycle life; over 1 million cycle 
mechanical life! Constructed in 
accordance with MIL-S-8805/7. 
UL recognized. Precision operat- 

ing points. 
Replaces ITW Switches Type 16. 
Ask for B5 series. 


READER SERVICE 133 
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ENVIRONMENT-FREE 
SEALED SWITCHES 
Withstands immersion and corro- 
sive atmospheres. Designed for rug- 
ged duty both mechanically and 
electrically. One-piece stainless steel 
housings sealed at the plunger with 
ring seals and at the base with glass- 
to-metal header. Replaces C-H/ 
Eaton H11, Microswitch EN and 
ITW Type 63. Ask for P6 series. 


READER SERVICE 134 





SEALED MINI TOGGLES 
Rugged and highly reliable, these 
toggles weigh 25% less than others. 
Positive detent. Non-teasible con- 
tact transfer. One or two poles, mo- 
mentary, maintained and lever-lock- 
out operation. Rated 5 A. Quali- 
fied to MIL-S-83731. 

Replaces C-H/Eaton 88, Micro- 
switch TW. Ask for T3 series. 
READER SERVICE 135 





SINGLE-BREAK BASICS 


Commercial and Military grades, 
available in two widths. Switch up 
to 7 amperes. Available with inte- 
eral levers as B2-5 series. UL recog- 
nized and CSA certified. Replaces 
C-H/Eaton S$S10 & S830, 
Microswitch SX, Unimax MM5 & 


MM6. Ask for B2 series. 
READER SERVICE 136 


See us at Wescon booth 2056 














The ML4861 is the industry’s 
smallest, simplest, most efficient 
power converter for | to 3 cell 
battery-powered systems. 
Available in 6V, 5V, 3.38V and 
adjustable output versions, 
the ML4861 makes it easier to 
bring your next hand-held — 
product to market. | 






SU SEES 





WV TACTILE SWITCHES 
HAVE SHORT TRAVEL 


The microminiature FSM J Series of 
pushbutton switches is traditionally 
used in conjunction with keycaps or 
in keyboard applications, but is in- 
creasingly finding its way into new 
industrial and consumer product ap- 
plications. Such applications require 
reliable, high-cycling pushbutton 
switches as well. The FSM J Series 





units provide positive tactile feel in a 
pushbutton switch with less than 
0.02-in. actuation travel. They’re of- 
fered in vertical and right-angle con- 
figurations, with or without a 
ground terminal, and in a variety of 
actuator lengths. A silver-plated 
dome spring contact provides a mini- 
mum of 100,000 cycles. Contact leads 
are insert-molded to help prevent sol- 
der and flux contamination during 
printed-circuit-board processing. 
Suggested resale pricing is $0.235 in 
lots of 5000. Samples and data sheets 
are available. 

Augat Inc. 

452 John Dietsch Blvd. 

P.O. Box 2510 

Attleboro Falls, MA 02763 

(508) 699-7646 

> CIRCLE 627 


VW FLUSH-MOUNT ADAPTER 
MAINTAINS SWITCH SEALS 





A flush-mount adapter maintains 
the integrity of the sealing capability 
of EAOQO’s Series 04 and 14 switching 
systems, which are sealed to IP 65 





and NEMA 4 and 18 specifications 
The adapter is well suited for usin; 
those switches in oil- and water-tigh 
applications where the aesthetics o 
a clean panel look is required. Th 
miniature, heavy-duty Series 04 an: 
the rugged Series 14 switches moun 
into a standard 30.5-mm round pane 
hole when the adapter is used. Pric 
ing for the Series 04/14 flush-moun 
adapter is $8.62. Delivery is fron 
stock to four weeks after receipt o 
order. 

EAO Switch Corp. 

198 Pepe’s Farm Rd. 

Milford, CT 06460 

(203) 877-4577 

> CIRCLE 628 


VW SOLID-STATE RELAYS 
OFFER LOW CAPACITANCE 


For small-signal analog switching 
and high-speed de instrumentatior 
applications, the LH1541 1 Form A 
and LH1544 dual 1 Form A solid 
state relays offer a reliable alterna 
tive to electromechanical and reec 
relays. Both are miniature, optically 
coupled devices that provide a linear. 
high-voltage MOSFET switch out 
put. They feature a very low contact 





capacitance of 5 pF, allowing the re- 
lays to switch at much higher fre- 
quencies than standard solid-state 
relays. The fast actuator speeds en- 
able data to be sampled in multiplex- 
er applications at typical rates of un- 
der 250 us. Packaging is in 6-pin, 
plastic DIP, or SMT gull-wing for the 
LH1541. The LH1544’s plastic DIP 
has eight leads and also comes in an 
SMT gull-wing package. Pricing in 
OEM volumes is $1.66 for the 
LH1541 and $3.16 for the LH1544. 
Delivery is from stock. 

AT&T Microelectronics 

Dept. AL-500404200 

555 Union Blvd. 

Allentown, PA 18103 

(800) 372-2447, Dept. P27 

> CIRCLE 629 


VY SWITCHED BREAKER 
HAS ONE OR TWO POLES 


A line of commercial rocker-switch 
circuit breakers has added two-but- 





ton push-ON/push-OFF control and 
press-to-reset-only options. Often 
used on industrial equipment, the 
two-pushbutton Series 3120 breaker 
fits the same panel cutout as the 
rocker switch and is available in red 
and green, black and white, or any 
combination of those colors. Also of- 
fered is the press-to-reset-only op- 
tion in a two-pole configuration, 
which eliminates the possibility of 
accidental shutdown of equipment. 
The Series 3120 features overload 
protection on one or both poles and 
current ratings from 0.1 to 20 A. Call 
for pricing and delivery. 

E-T-A Circuit Breakers 

7400 N. Croname Fd. 

Niles, IL 60714-3982 

(708) 647-8303 

> CIRCLE 630 


Vv TINY PRESSURE SWITCH 
SENSES LOW LEVELS 


A small, extremely sensitive pres- 
sure switch is able to sense very low 
pressure, vacuum, or differential 





levels. The model MPL-9300 pres- 
sure switch is a single-pole, double- 
throw unit that ensures a positive 
make and eliminates any contact 
bounce. Current-carrying capacity is 
up to5 A resistive and 2.5 A inductive 
loads. Operating pressure is from 
0.25 to 34 in. of water (0.0095 to 1.22 
psig). Life span is rated for over 


SWITCHES & RELAYS 








200,000 cycles. Call for pricing and 
delivery. 

Micro Pneumatic Logic Inc. 

2890 N. W. 62nd St. 

Ft. Lauderdale, FL 33309 

(305) 973-6166 

> CIRCLE 631 


‘Vv FOUR-POLE POWER RELAY 
STOPS CONTACT CHATTER 


A four-pole power relay is available 
in a variety of contact arrangements 
for three-phase motor-control appli- 
cations and resistive and inductive 
loads. The G7J relay withstands volt- 
age drops of up to 50% of the rated 
coil voltage for 1 s maximum with no 
contact chatter to drop out. It pro- 
vides resistive-load ratings of 25 A 
(normally open) and 8 A (normally 
closed) and withstands more than 4 
kV between contacts that are of dif- 
ferent polarity and between the coil 
and contacts. Pricing is $16.25 in lots 
of 1000. Delivery is from stock to 12 
weeks. 

Omron Electronics Ine. 

One E. Commerce Dr. 

Schaumburg, IL 60173 

(800) 55-OMRON 

> CIRCLE 632 


Vv CONDUCTIVE KEYPADS 
ENSURE TACTILE FEEL 


The Series 96 conductive rubber key- 
pads are constructed in such a way 
that tactile operator feedback is en- 
sured for the life of the switches, 
which is rated at 3 million operations. 








The keypads are offered in 3-by-4 
and 4-by-4 configurations. The hous- 
ing that captures the rubber keypad 
and pc board is available in industry- 
standard top-panel or sub-panel 
mounting styles. A 3-by-4 keypad 
with matrix-code output goes for $11 
in single quantities and $5.94 in lots 
of 1000. Small quantities are deliv- 
ered in one to two weeks. 

Grayhill Inc. 

561 Hillgrove Ave. 

LaGrange, IL 60525 

(708) 482-2132 

> CIRCLE 633 
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‘Vv STOCK ENCLOSURES 
BOAST 12 NEW COLORS 

Twelve new color choices are now 
available in EMCOR’s ship-from- 
stock enclosure program. The op- 
tions are offered for frames, desks, 
and accessories, all of which are pro- 
vided in either smooth or textured 
finishes. The instant-enclosure pro- 
gram, which ships products within 











five days of order, spans electronic 
cabinetry, computer-support furni- 
ture, cooling devices, and a large as- 
sortment of accessories. Vertical, 
slope-front, low-silhouette, and tur- 
ret-style frames are offered. Call for 
pricing and delivery. 

EMCOR Products 

1600 4th Ave. N. W. 

Rochester, MN 55901 


Put Our List 


On Your List 


Our list can —- 
ee om 
other things THINGS 10 DO 
you have on t eres Soe” 
your list. Such (Cons wt 

as buy a 


car. . . estimate 

social security 

... Start the 

diet... check 

out investments. . . 
Our list is the 

Consumer Information 





Catalog. It’s free and lists more than 200 free and 
low-cost government booklets on employment, 
health, safety, nutrition, housing, Federal benefits, 
and lots of ways you can save money. 
So to shorten your list, send for the free 
Consumer Information Cataiog. It’s the thing to do. 
Just send us your name and address. Write: 


Consumer Information Center 


Department LL 


Pueblo, Colorado 81009 


A public service of this publication 


BIE 


and the Consumer Information Center 
of the U.S. General Services Administration 


(307) 289-3371 
> CIRCLE 634 


v DC ROTARY FANS 
COOL CPUs AND MORE 

A line of small and miniature de-volt 
age rotary fans is designed to coo 
computers, communication equip 
ment, instrumentation, and more 
The JF Series fans are available i 
40-, 60-, 80-, and 90-mm sizes. The 40 
mm fan provides an airflow of 0.1: 
cfm. A CPU-cooling module is of 





fered in which a fan is fastened on 
top of a heat sink that’s mounted 
over the CPU. Snap-in design makes 
for quick, easy installation. Operat- 
ing voltage is 12 V de. Call for pricing 
and delivery. 

North American Capacitor Co. 
7545 Rockville Rd. 

Indianapolis, IN 46214 

(317) 273-0090 

> CIRCLE 635 


Vv SHIELDING GASKETS 
HOLD DOWN CORROSION 

Two low-corrosion, aluminum-com- 
patible elastomer compounds are 
available for shielding-gasket appli- 
cations. Consil-X is a conductive sili- 
cone elastomer that’s filled with in- 
ert-coated aluminum core particles. 
CON-EPDM-X is an inert-coated, 
aluminum-filled compound designed 
to satisfy nuclear, biological, and 
chemical requirements. Both com- 
pounds suit applications which pre- 
clude the presence of silver, but 
which require high shielding effec- 
tiveness. The material comes in 
sheets, continuously extruded 
strips, and die-cut or molded gas- 
kets. Call for pricing and delivery. 

Tecknit 

129 Dermody St. 

Cranford, NJ 07016 

(908) 272-5500 

> CIRCLE 636 
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VY UL-APPROVED RACKS 

COME IN WIDE VARIETY 
ll requirements of UL 1244, the 
tandard for electrical and electronic 
1easuring and testing equipment, 
ave been met by the Miracel Series 
f racks. The rack is designed for a 
vide range of applications and is of- 
ered in a number of configurations. 
)ptions include mounting heights 
rom 238U (40.25 in.) through 46U 
80.5 in.), adjustable mounting 
vidths from 19 in. through 24 in., 
netric 18 and 20 modules, NEMA 12 
versions, LAN versions, and more. 
Sall for pricing and delivery. 

Knurr USA Ince. 

1890 N. Voyager Ave. 

Simi Valley, CA 93063 

(805) 526-7733 

> CIRCLE 637 


VY STANDARD MCM PACKAGES 

HAVE 368 LEADS 
A standard ceramic multichip-mod- 
ale (MCM) package with 368 leads on 
4 0.65-mm pitch is available. The 
package meets the JEDEC MO-148 
outline requirements. Its body size is 
64 mm? and its cavity size is 538 mm? 
for a ceramic or silicon substrate. A 
Kovar seal ring is offered for seam 
sealing, and standard internal power 
and ground planes are included. The 
signal-trace impedance is 50 2. This 
package, as well as a 308-lead ver- 
sion, is offered with open too]; e + and 
quick-turn delivery. They’r& both 
customizable to meet specific needs, 
including low-cost single-layer ver- 
sions. Call for pricing and delivery in- 
formation. 

Coors Electronic Package Co. 

511 Manufacturers Rd. 

Chattanooga, TN 37405 

(615) 755-5408 

> CIRCLE 638 


‘Vv THERMOELECTRIC COOLER 
DRAWS LOW CURRENT 





A line of thermoelectric coolers 
(TECs) includes a model claimed as 





the smallest and lowest-current 12-V 
TEC available. The CP0.8-127-05L 
and -06L TECs have a footprint of 
just 25 mm by 25 mm and heights of 
3.1 mm and 3.4 mm, respectively. 
They are rated at 2.6 and 2.1 A, re- 
spectively, and 15.4 V maximum for 
achieving temperature differentials 
up to 67°C in localized cooling appli- 
cations. These 127-couple TECs are 





TS 


two of nine in a family that ranges 
from seven to 254 couples. Typical 
pricing for the -05L TEC is $12.35 in 
quantities of 100. Delivery is in four 
weeks. 

MELCOR 

1040 Spruce St. 

Trenton, NJ 08648 

(609) 393-4178 

> CIRCLE 639 


Drives for 28-volt and 270-volt motors 


Output currents from 5 amps to 50 amps 


Drives for brush motors and 3-phase 
brushless motors 


-55°C to +125°C operating temperature 


Internal high side power supply 


Operates in either trapezoidal or sinusoidal 


systems 


883B processing available 


information call , 


HEADQUARTERS 


RANCE: 33 (1) 4333- 5888, FAX: 33 
SWEDEN: 46 (8) 920635, FAX 


-4132 
AX: 353 (21) 341568 
49 (8191) 3105, FAX: 49 
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SPARTON 
ELECTRONICS 


WILL — 
BEND OVER BACKWARDS 
for you, and that's what you 
expect from a world leader 
in full service 
custom manufacturing. 
We can 
design, develop, manufacture 
and support your product, 
with the most innovative, flexible 
and reliable practices available: 
CAD 
CONCURRENT ENGINEERING 
DESIGN FOR MANUFACTURING 
STATISTICAL PROCESS CONTROL 
COMPLETE ELECTRONIC 
MANUFACTURING CAPABILITY 
JUST-IN-TIME DELIVERY 
Your Company Can 
MINIMIZE 
INVESTMENT IN INVENTORY, 
FLOOR SPACE 
AND EQUIPMENT COST 
Thereby 
INCREASING YOUR 
RETURN ON INVESTMENT 


SPARTON 
ELECTRONICS 
WE MAKE WHAT YOU IMAGINE 
5612 JOHNSON LAKE ROAD 
P.O. BOX 788 
DELEON SPRINGS, FL 32130 


(904) 985-4631 FAX (904) 985-5036 


READER SERVICE 117 





NEW LITERATURE 


W CRYSTAL OSCILLATORS 

STAR IN BROCHURE 
A 32-page catalog details a broad 
range of crystal clock oscillators. 
Separate sections on various oscilla- 
tor families illustrate a wide applica- 
tion flexibility. For example, the ul- 
tra-miniature, surface-mounted 
Tiny T line measures just 5 by 7 by 
2.3mm andis available in 3.3- and 5-V 
versions. The catalog contains com- 
plete performance data, listings of 
special features, package schemat- 
ics, environmental data, and more. 
Aneasy-to-read index listing all mod- 
els by various parameters facilitates 
ordering. 

MF Electronics Corp. 

10 Commerce Dr. 

New Rochelle, NY 10801 

(914) 576-6570 

> CIRCLE 640 


VW MATERIALS CATALOG 

SPANS BROAD RANGE 
A 212-page catalog titled ‘“The World 
of Electronic Materials” features 
products for electronic manufactur- 
ing and repair and offers problem 
solvers for diverse areas such as 
static control, soldering, pc-board 
materials, EMI/RFI shielding, and 





thermal management. Other areas 
covered include adhesives and coat- 
ings, wire harnesses, tubing, sleev- 
ing, insulating materials, and pres- 
sure-sensitive tape. Information is 
also included on the company’s val- 
ue-added services. 
- Electrical Insulation Suppliers 
Ine. 

300 N. Mannheim Rad. 

Hillside, IL 60162 

(708) 547-5400 

> CIRCLE 641 


vW POWER-IC DATA BOOK 
DESCRIBES 76 PRODUCTS 

Seventy-six products, 22 of them 
new, are described in a 944-page in- 
telligent power-IC data book from 
Harris. The volume contains 286 
pages of application notes, which is 
up from 152 pages in the 1993 edition. 
Harris applies the term “intelligent 
power’ to high- and low-side switch- 
es and drivers, half- and full-bridge 


ntelligent Power 
FOR COMMERCIAL, INDUSTRIAL 
AND AUTOMOTIVE APPLICATIONS 


EL a 


drivers, ac-de and de-de converters, 
voltage regulators, pulse-width 
modulators, and voltage monitors. 
The book also includes specific auto- 
motive products including interface 
and protocol-handling chips for the 
SAE’s J1850 serial data-bus stan- 
dard. Long-form data sheets and ap- 
plication notes are included. 

Harris Semiconductor 

P.O. Box 883 

Melbourne, FL 32901 

(800) 442-7747, ext. 7265 

> CIRCLE 642 


VW COILS AND CHOKES 
COVERED IN DETAIL 

Coils, chokes, and inductors for RF 
applications are the subject of a 
large illustrated catalog from Stan- 
dex. The book covers over 5000 stan- 
dard values of fixed, variable, SMT, 
and through-hole RF coils. Informa- 
tion on toroidal inductors and com- 
mon-mode chokes is also included for 
their specification into switching 
power supplies, EMI/RFI filter as- 
semblies, and many other applica- 
tions. The catalog contains dimen- 
sional drawings and many tables of 
specifications on all products. 

Standex Electronics 

45388 Camberwell Rd. 

Cincinnati, OH 45219 

(513) 871-3777 

> CIRCLE 643 





ELECTRONIC DESIGN # PIPS SPECIAL EDITORIAL FEATURE ® SEPTEMBER 5, 1994 


Proceedings of Portable By Design 


Sponsored By Electronic Design Magazine 





Price $150.00 per copy (add $12.00 shipping & handling per copy) 


A conference for OEM Designers of portable, nomadic, mobile, 
transportable and hand-held products. The product areas 
covered in these proceedings include almost 800 pages of 
information on: 


* Power Circuits 

* Connectivity 

* Input Devices 

* Managing Mechanical/Electrical Design Teams 
* Expandability/Configurability 

* Engineering The Whole System 

* High End Microprocessors 

* Low-Power Microncontrollers 

* Power Management 

* Application Development & Operating Systems 
* Batteries 

* Displays 


For additional or ordering information, please call (201) 393-6075 








NEW LITERATURE 


VW SUPPLY REFERENCE 

COVERS SPECIFYING 
The second edition of MicroEN- 
ERGY’s 32-page book, ‘Consider- 





$ 
Recto 
G 


ations When Specifying Switchmode 
Power Supplies,” is now available. 
The volume is packed with useful in- 
formation on topics such as reliabil- 
ity, agency approvals, EMC, power- 
factor correction, specification writ- 
ing, strife testing, custom versus 


standard, vendor selection, thermal 
management, and power density. 
Appendices include major safety and 
quality agencies, and mechanical 
and electrical considerations. 

MicroENERGY Inc. 

745 E. State Rd. 434 

Longwood, FL 32750-4909 

(407) 831-2000 
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‘VW BROCHURE DETAILS 
DESIGN SERVICES 


Front-end simulation, analysis, de- 
sign, and delivery of turnkey sys- 
tems are described in Brochure No. 
65953. This design service eliminates 
numerous prototype-design cycles 
to speed time to market and is sup- 
ported by qualified interconnection- 
system engineers using state-of-the- 
art device and multi-line connector 
models. The service offers simula- 
tion, analysis, and fabrication of cus- 
tomer-proprietary sytems operating 
at speeds from 1 MHz to 1 GHz and 
standard systems including Future- 
bus+, VMEbus, ISA/EISA buses, 


"Surely... | : 
we have a better option than these!" 


Yes, you do. 





and fast and wide SCSI. 
AMP Inc. 
P.O. Box 3608 
Harrisburg, PA 17105-3608 
(800) 522-6752 
> CIRCLE 645 


W CATALOG DESCRIBES 

INTERCONNECT LINE 
A 200-page, full-line interconnection 
catalog contains full information on 
a large array of products. New prod- 
ucts covered in Catalog No. 12 in- 
clude sockets for relays, power mod- 
ules, PLCCs, LCCs, SOICs, and 
SOJs. Also offered are gull-wing 
DIP adapters for 0.050-in.-pitch de- 
vices, SMT single- and dual-row 
headers, high-density connectors, 
memory-card connectors, and more. 
Complete specifications and fea- 
tures are included for each product. 

Advanced Interconnections 

5 Energy Way 

P.O. Box 1019 

W. Warwick, RI 02893 

(401) 823-5200 

> CIRCLE 646 


Turn your 
excess inventory 
into a tax break and 
help send needy 
kids to college. 


Call for your 
free guide to 
learn how donating your 
slow moving inventory can 
mean a generous 
TAX WRITE OFF 


for your company. 


Call (708) 690-0010 


P. O. Box 3021 Glen Ellyn, IL 
60138 Fax (708) 690-0565 


Excess inventory today....student opportunity tomorrow 
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Boards stiffened with 
Cl rigidizers fit better 














| Without CCI rigidizer | 


With CCI rigidizer 





Warped boards mean trouble. 
They won't fit correctly into the slot 
or rack, and you can expect cracks in 
soldering and connections.CCl rigid- 
izers solve your warpage problems 
quickly and economically in both 
high and low current applications. 
They can carry up to 64 AMPS and 
can be used as shields for noise- 
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APPLIED LOAD, Ibs. 


A = CCI 14 1/2" vertical copper D = 15" rectangular aluminum 
B = 14" rectangular fiberglass E = Unsupported PCB G-10 
C = 16" rectangular fiberglass fiberglass 


A comparison showing significantly better performance with 
CCI board stiffeners than with other conventional methods. 


CCI 


Circuit Components Inc. 





sensitive electronic components, 
as well as mechanical vibration 
shock absorbers. They'll even pro- 
tect the PCB from cracks on sol- 
der joints and PCB traces. And 
the one-step installation requires 
no hardware. Send for a free ap- 
plications bulletin to learn more. 


Circuit Components Inc., 2400 S. Roosevelt Street, Tempe, AZ 85282 © 602 967-0624 FAX 602 967-9385 
DISTRIBUTION: Europe, Japan, Taiwan, Singapore, Hong Kong, Korea, Brazil, Australia, India 
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Make the switch to The Lattice ispGDS. The world’s 
Lattices revolutionary / Tae Soong 

ispGDS™. In-system 
( programmable 

Generic Digital 

Switch devices 
give you the power 
to re-route signals on your 
p.c. board without mechanical switches, 
jumpers or bogus blue wires. 


7.5ns ispGDS devices combine a programmable switch 


This flexibility dramatically reduces time-to- 
market and lowers manufacturing costs. 
















Lattice offers a complete ® 
line of ISP devices, from 
ispLSI® High-Density PLDs, | Ss 
_ tothe 7.5nsispGAL22V10 [yelatta. Gs 
"and ispGDS devices. And switching IR [ifs [Tr [=e 
~ tO ISP is easy. Lattice offers a complete ISP Software, 
evelopment kit for only $99. The ispStarter™ [iE U/ [2% 
Kit includes all the design software, ISP cables ISP Cable 
and device samples you need to complete your [fe )s) ly $99 





matrix with in-system programmability (ISP) to quickly first ISP design, quickly and easily. 
implement and change p.c. board connections. With ispGDS So hold the spaghetti and order «= - 
devices, signals can be re-routed under software control in-system programmability. ane [ atti C e 
through a simple 5V, 4-wire serial programming interface. Call 1-800-327-8425 or FAX503- = = 

ISP technology makes system design and manufacturing a 681-3037 today fora freeispGDS = *==555 
breeze. With ISP system designers create hardware which can sample and data sheet. Ask for The Leader in ISP™ PLDs 
be reconfigured in-system to meet a variety of applications. information packet 320. 


ISP, ispGDS and ispStarter are trademarks of Lattice Semiconductor Corp. ispGAL and ispLS! are registered trademarks of Lattice Semiconductor Corp. 
All brand or product names are trademarks or registered trademarks of their respective holders. 


Corporate Headquarters: Tel: (503) 681-0118, Fax: (503) 681-3037 * France: Tel: (33) 1 41 14 83 00, Fax: (33) 1 41 14 83 01 © Germany: Tel: (49) 8165-9516-0, Fax: (49) 8165-9516-33 
* Hong Kong: Tel: (852) 529-0356, Fax: (852) 866-2315 « Japan: Tel: (81) 3-5820-3533, Fax: (81) 3-5820-3531 © United Kingdom: Tel: (44) 753-830-842, Fax: (44) 753-833-457 
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GAAS ARRAYS COMBINE 
DCFL AND SCFL 


DUAL-LOGIC GATE ARRAYS Focus 
ON HIGH-SPEED DATA-COMMUNICATIONS 
NETWORKS AND INSTRUMENTATION. 


DAVE BURSKY 





he data rates employed by various high-speed data communica- 
tions systems and network interfaces are forcing designers to 
look beyond CMOS and biCMOS solutions to deal with data 
recovery and routing. Systems operating at frequencies as low 
as 50 MHz often require that phase-locked loops (PLLs) run at 
ten times the system clock to provide wide lock-in ranges and 
minimal jitter. 

For simple data-recovery circuits in systems that must clock data through 
at several hundred megabits per second to a few gigabits per second, 500-MHz 
on-chip operation is mandatory to push operating speeds well past the edge of 
most CMOS or biCMOS processes. Although there are skeptics, one alternative 
is the use of gallium arsenide (GaAs). In fact, the latest generations of GaAs- 
based circuits have come closer to the ideal solution than ever before. 

By combining high-speed source-coupled FET logic (SCF'L) and the slower 
but high-density direct-coupled FET logic (DCF L) on the same chip, designers 
at Vitesse Semiconductor developed a family of GaAs gate arrays optimized for 
high-speed data-communications and telecommunication applications. Close 
attention was paid to logic complexity, on-chip resources, and power levels so 
that the chips could be housed in low-cost, plastic, surface-mounted packages. 


A SEA OF GATES 

Members of Vitesse’s SCF X array family will offer from 5000 to 30,000 total 
gates per chip, laid out in a channelless sea-of-gates architecture. Each array 
in the family contains a large block of DCF L gates, and on each of two opposing 
sides of the DCF L core are two blocks of gates that can be configured as either 
DCF'L or SCFL gates (see the figure). 

SCFL gates, which are well suited for high-speed operations, allow circuit 
functions such as D-type flip-flops to toggle at rates of more than 5 GHz. In 
addition, SCF Us differential-mode logic structure enables three-level series 
gating. However, their high performance comes at a price—power consumption 
per gate is quite steep, limiting the number of SCF'L gates that can be used on 
a chip. 

Using three-level series gating permits very efficient implementations of 
functions, such as 4:1 multiplexers, 2:1 multiplexer latches, and three-input 
XORs, while incurring just a single stage delay. A 4:1 multiplexer, for example, 
can operate at over 3 GHz while maintaining good waveform integrity. As a 
result, it meets the tough jitter requirements of telecommunications and data- 
communications applications, such as in Fibre Channel or Sonet interfaces. 

DCFL gates, on the other hand, are better suited for high-gate-count logic 
circuits in which collective power dissipation is critical. For instance, an un- 
loaded two-input NOR gate has a delay of just 37 ps while consuming a mere 
0.2 mW, and a DCF L D-type flip-flop can toggle at rates above 1.6 GHz. Thus, 
complex, high-gate-count logic functions can be implemented with DCF L, and 
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SCFL/DCFL 


PLL 
macrocell 








BOTH DCFL AND SCFL circuits can be combined on one chip using Vitesse’s 
SCFX family of GaAs gate arrays. DCFL gates are used in the core of the array. Blocks of gates 
on either side of the core can be configured as moderate-performance DCFL gates or 


ee 
COMMUNICATIONS GATE ARRAYS 


SCFL/DCFL 


DCFL 


(sea of gates) 


SCFL/DCFL 





high-speed SCFL gates. As a result, designers can optimize the use of both logic families to 
implement chips that deliver high performance but consume relatively little power. 


the active power needn’t be pushed 
much above 1 W or so. Furthermore, 
although DCF L-based logic can still 
perform at speeds of 1 GHz, it can be 
run slower using unbuffered gates. 
This conserves power in sections of 
the chip that are able to operate below 
full speed. 


MIXING LOGIC 


As is often the case, only small sec- 
tions of a circuit must operate at very 
high speeds. Consequently, mixing 
the two logic types on the chip lets 
designers craft circuit functions to op- 
timally match the an application’s per- 
formance and power-consumption re- 
quirements. Moreover, custom mas- 
terslices can be created to optimize 
performance further by adding spe- 
cialized megacells, such as blocks of 
static RAM, register files, or phase- 
locked loops. 

Initially, Vitesse will offer two 
members in its SCFX family—the 
SCFX10K and the SCFX40K. The 
SCFX10K includes about 3000 usable 
DCFL gates in the array’s core. In each 


PFRELECTRONIC 


of the four SCFL/DCFL blocks, de- 
signers can implement either 24 
SCFL gates or 576 DCFL gates (as- 
suming approximately 50% gate utili- 
zation). In addition, the SCFX10K 
gate array has 67 signal pins: 27 input 
cells and 40 I/O cells. 

The SCF X40K contains 10,000 us- 
able DCFL gates in the core of the 
array. Kach SCFL/DCFL block can 
be used to implement 99 SCFL gates 
or 2286 DCF L gates. Higher I/O pin 
counts also are available on the 40K 
chip—85 input cells and 80 I/O cells. 
Because both chips include abundant 
dedicated power and ground pads, de- 
signers can use all I/O pads solely for 
signal handling. 

As an implementation test case, a 
1.0625-Gbit/s transmitter and re- 
ceiver were configured in a pair of 
SCFX10K arrays. The _ interface, 
which was designed to meet the ANSI 
X3T11 Fibre Channel standard, incor- 
porates a low-jitter PLL for clock 
multiplication and clock recovery. 
TTL interfaces are used for parallel 
data input and output, and high-speed 
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differential inputs and outputs are 
employed for the serial data ports. 

In the design, low-speed (53-MHz) 
logic was implemented with DCF L, 
while the 1.06-Gbit/s interface used 
SCFL. The transmitter required 57 
SCF'L cells, 31 I/O sites, 700 DCF L 
cells, and a PLL. The receiver needed 
63 SCF L cells, 30 I/O sites, 950 DCF L 
cells, anda PLL. The transmitter chip 
consumes less than 1.5 W, while the 
receiver draws about 2 W. Those num- 
bers are around 20 to 25% lower than 
a similar function implemented using 
a single logic structure. 

Due to the channelless architecture 
of the arrays, the first layer of metal 
can be routed over unused cells, mini- 
mizing lost wiring channels and allow- 
ing the arrays to achieve about 50% 
utilization. The I/O buffers are com- 
patible with standard TTL and ECL 
interface levels, and can be configured 
to offer low-voltage differential-swing 
signal levels. 

The arrays in the SCF‘ X family are 
based on the company’s production- 
proven H-GaAs III process. The de- 
sign libraries are supported on most 
popular design-automation  plat- 
forms that run software tools from 
Mentor Graphics, Cadence Design 
Systems, Synopsys, and Viewlogic 
Systems, among others. Moreover, 
Vitesse has several proprietary 
tools optimized for the GaAs arrays 
that can dramatically improve the 
circuit-design process. One such tool 
is interactive graphical preplace- 
ment software that’s supported in 
the X-windows — environment. 
Macrocell libraries for the Motive 
timing verifier from Quad Design 
Technology also are available. 0 


PRICE AND AVAILABILITY 

Design tool sets that capture SCFX de- 
signs are available immediately. Nonrecur- 
ring engineering charges start at $35,000. 
Production pricing begins at between 0.6 to 
0.8 cents per used gate for quantities of 1000 
to 10,000 chips. The chips are housed in 100- 
lead PQFPs. Delivery is about eight weeks 
from finalization of the critical design re- 
view. 

Vitesse Semiconductor Corp., 741 Calle 
Plano, Camarillo, CA 93012; Barry Sande- 
fur, (805) 388-8700. CIRCLE 511 
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Where Are The Fastest FIFOs From? 


Yes, QSI. And they're giant performers, every one. counters per part, our competitors six. 

Our asynchronous x9 FIFOs are industry-standard All of which makes our FIFOs excellent for use in 
products greatly enhanced. They offer a typical access embedded applications like intelligent bridges and 
time of just 10 ns — twice as fast as most competitors. routers, graphic subsystems, DSPs, and the like. 

They also offer special input noise filters that For your design convenience, we market a wide 
eliminate false reads and writes. Making circuit design choice of FIFO depths and speeds including clocked 
easier and your overall system more reliable. and specialty devices. To get on our mailing list for 

QSI FIFOs provide independent pointers for time- advance information on the latest memory 
saving, simultaneous read and write access. Faster flags technology, call 800-609-3669. Or Fax 408-496- 
and fewer internal counters further contribute to ease 5742. 
of use, reliable data, and speed. Typically we use two QSI FIFOs. One (more) giant step for mankind. 


Quality Semiconductor, Inc. 











Q and QSI are trademarks of Quality Semiconductor, Inc. 
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PRODUCT INNOVATION 


DAVE BURSKY 


s disk drives get physically smaller— 
dropping from 3.5 to 2.5 and even 1.8 
in. and smaller in format—drive de- 
signers are hard-pressed to deliver 
high storage capacities, shorter ac- 
cess times, and lower power con- 
sumptions. One of the key concerns is the shrinking in- 


DSP-BASED 
PCMCIA ternal board space available for the control circuits, 
which has dropped by more than 60% from the 3.5- to 
1.8-in. generations. 
Within that shrinking space, designers typically must 
include a microcontroller, the read-channel electronics, the 


spindle control and read-write head-positioning control 
logic, and both a cache RAM and some firmware. One way 


to alleviate the problems caused by limited board space is 
to use higher levels of integration. However, as designers 
push to increase densities, head positioning to fit more 


tracks onto the small platter requires more complex con- 


trol logic and precision servo control implemented with 
- digital-signal processing. 
Such advances are being seen in a new generation of 


1.8-in. disk drives, including the MobileMax 171, a 171- 


A CUSTOM IZABLE 1 6- B IT Mbyte drive from Maxtor that fits ina PCMCIA Type-III 


physical form factor. It’s able to fit in such a package thanks 


D S P C O R K S BRVES B O ih H to ajoint development effort between engineers at Maxtor, 


Longmont, Colo., and the customizable DSP (CDSP) prod- 


As A H I GH- AC CLR A 02.4 uct group at Texas Instruments Inc., Houston, Texas. 


One key decision made by the design team, according to 


SERVO CONTROLLER AN D Curt Bruner, the 1.8-in.-drive lead-electronics engineer at 
GENER AL-PURP OSE M en8: Maxtor’s Longmont facility, was to combine the DSP and 
e | MCU functions onto one 16-bit processor. However, rather 
- than add some DSP functionality to an 8- or 16-bit micro- 
controller, the team opted for the reverse—they started 
with a 16-bit DSP core and incorporated controller func- 
tionality and about 9600 gates of interface logic. This ap- 
proach delivers a high-performance DSP-based controller 
with new functionality, allowing designers to push beyond 
the 171-Mbyte generation and deliver even higher capaci- 
ties in the same Type-III form factor. 
a me The resulting drive performance includes a track-to- 
- ‘ecmce . track seek time of 4 ms, an average seek time of 16 ms, and 
ee an average latency of 6.72 ms. Disks rotate at 4464 rpm and 
provide a data-transfer rate of 12.2 to 25.4 Mbits/s to or 
from the media. A 32-kbyte cache in the drive allows burst 
transfers on the host interface of up to 7.5 Mbytes/s (up to 
the depth of the cache) and a sustained data-transfer rate 
of up to 2.2 Mbytes/s (FXg. 1). 

During spin-up, the drive draws 640 mA from a 5-V 
supply. While idling, the drive’s current drain drops to 115 
mA (575 mW with the 5-V supply). The drain falls to 15 mA 
in the standby mode, and down to 4 mA in the sleep mode. 

= , , =e The DSP section will run at clock periods as short as 35 ns 
1. THIS DISK DRIVE, the MobileMax 171 created jointly | (instruction cycle at 5 V). 
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by Maxtor and Texas Instruments, packs 171 bytes into the same Weighing in at 65 grams, the drive can withstand oper- 
PCMCIA Type-Ill package as previous lower-density PCMCIA drives. | ating shocks of up to 200 G and non-operating shocks up to 
The design employs a customized TI DSP core as the heart of a single 1000 G while delivering a mean-time-between-failure 
chip that performs both digital servo control for head positioning and (MTBF) rate of more than 300,000 hours, and a start/stop 
controls the host-to-drive interface. cycle count exceeding 50,000. The drive also is very quiet— 


EL EC T 8 ONY. E SS 1 6 NG 
SEPTEMBER 5, 1994 





only 25 dBa in idle mode. 

Not only will the DSP- 
based chip used in the Mobile- 
Max 171 serve as the basis for 
controlling higher-density 
drives, but the optimized 16- 
bit DSP core on that chip, ac- 
cording to Roger Peters, 
CDSP product manager at 
TI, will be available to anyone 
through TI’s_ customizable 
DSP development channel. 

With such potential, the 
chip can be used for more than 
just its DSP functions—it also 
can be the controller, eliminat- 
ing the MCU altogether. 
However, existing DSP prod- 
ucts in TI’s library (the TMS 
320C5x, 320C25, etc.) were 
too costly—they carried 
many unneeded functions. 

By opening up the design 
files on the TMS320C5x ar- 
chitecture, TI’s designers 
were able to remove features that 
didn’t relate to disk-drive control. 
They streamlined the core, reduced 
the chip’s silicon area considerably, 
and preserved the main DSP execu- 
tion pipeline. The result was the 
T320C2xLP, an area-efficient, 16-bit, 
DSP-core building block with 544 
words of dual-access RAM (288 words 
of data RAM and 256 words that store 
either program or data) (Fg. 2). 

In terms of functionality and per- 
formance, the core DSP engine in TI’s 
TMS820C25 DSP IC is roughly the 
same as that in the T820C2xLP. How- 
ever, because the T3820C2xLP core is 
fabricated on a much newer but pro- 
duction-proven process (the same 
process used for the Cdx family), it 
runs much faster. Part of the reason 
for the higher speed also stems from 
the core’s simplicity. Since all other 
peripheral support functions were 
stripped off (including large memory 
blocks to hold the complex application 
programs), the DSP core is lightly 
loaded and thus is able to operate at 
very high speeds. ROM and more 
RAM can be added in 1-kword incre- 
ments, either on-chip or off-chip. In- 
ternal control lines are configurable 
during chip design to define the mem- 
ory configuration . 

Logic functions were included for 
the disk control. Maxtor and TI imple- 
mented a servo demodulator (all tim- 
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ee 
HIGH-DENSITY PCMCIA DRIVE 


~10 kgates 





2. THE STREAMLINED T320C2xLP CORE isa 


much-simplified version of the 320C5x 16-bit processor core. Design- 
ers removed all of the peripheral functions, except for the 544-word 
dual-access RAM, to streamline the core. A block of about 9600 
gates also was added to implement the custom control logic that exe- 
cutes the spindle and read-write head-assembly control. 


ing and control to handle the read 
channel and positioning) using about 
9600 logic gates. More power manage- 
ment also was added through the use 
of the DSP circuit’s processing power, 
instead of the conventional method of 
employing only hardware, leading to 
minimized silicon area. During proto- 
typing, an off-chip flash memory to 
hold the firmware was connected to 
the address/data lines. In production, 
Maxtor expects to use a one-time pro- 
grammable memory. 

The cramped quarters of the 1.8-in. 
disk drive also makes the controller 
subassemblies difficult to test and 
troubleshoot. To ease these problems, 
both an emulation port and a full 
JTAG-compatible interface were in- 
cluded on the DSP/controller. The 
ports share the same I/O lines because 
the two functions complement each 
other. The disk drive’s designers then 
could use the T320C2xLP serial JTAG 
interface to load data into the dual-ac- 
cess RAM and, in turn, exercise the 
T320C2xLP core. 

Additional T320C2xLP test re- 
sources include a parallel signature 
analyzer and a cyclic-redundancy- 
check (CRC) checker so that full on- 
chip testing of the DSP core can be 
done via the JTAG port. As a result, 
the chip can provide a simple pass/fail 
test output. The parallel signature 
analyzer also lets the drive’s design- 
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ers execute more system- 
level diagnostics both for 
manufacturing and possibly 
out in the field. For now, 
however, the diagnostic fea- 
tures are only available dur- 
ing disk-drive manufacture. 

When the rest of the cir- | 
cuit design started to gel, one 
of the biggest challenges was 
the definition of the feature 
set incorporated by the chip. 
That’s where the megacell 
flexibility of the TI gate-ar- 
ray design tools came into 
play, allowing the drive’s de- 
signers to add logic, I/O func- 
tions, and memory. 

In June 1993, when devel- 
opment really started rolling, 
engineers from TI “moved” 
into the Maxtor facility to help 
with the definition and design 
of the core. Late that year, the 
detailed engineering design 
started in earnest, and thanks to the 
close working relationship of the two 
design teams, there were no miscom- 
munications on the design data that 
had to be fed to the factory when the 
chip was ready for fabrication. 

The combined use of the DSP en- 
gine core for both DSP and control 
applications was a learning experi- 
ence for both Maxtor and TI design- 
ers—as they learned how to apply it, 
they started to see how the chip’s 
horsepower can be exploited for even 
more functions that could be imple- 
mented with the DSP core. What that 
means is a further reduction of the 
component count inside the drive. 0 


PRICE AND AVAILABILITY 

The MobileMax 171 Type-III form-factor 
PCMCIA disk drive lists for $399 each in 
single-unit lots; production quantities will be 
available in the fourth quarter. Samples are 
available from stock. Contact Texas Instru- 
ments regarding the availability of, and 
ASIC development charges for, the 
T320C2xLP core. 

Maxtor Inc., 211 River Oaks Pkwy., San 
Jose, CA 95134; John Hagerman, (408) 432- 
1700. CIRCLE 511 

Texas Instruments Inc., Semiconductor 
Group, Literature Response Center, P.O. Box 
1772228, Denver, CO 80217; (800) 477-8924, 
ext. 4500. CIRCLE 513 
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WINDOWS NT PLATFORM HOLDS 
MULTIPLE MIPS CPUS 


ultiple 64-bit R4400 RISC 
microprocessors, each 
running at 150 MHz, form 
the heart of the RISCstation 2000 
workstation, from NEC Technolo- 
gies Inc. The platform is designed to 
meets the needs of Windows NT and 
its associated applications. The Mips 
CPU is built with 32 kbytes of cache 
memory and contains 512 kbytes of 
secondary write-back cache on each 
CPU module. 

The internal bus architecture, 
called MultiRISC, passes data at 400 
Mbytes/s. The MultiRISC memory 
scheme enhances the bandwidth and 
integrity by interleaving the memo- 
ry subsystem to access data in 128- 
bit-wide increments, and also by cod- 
ing standard SIMMs to supply an er- 
ror-correction capability. The memo- 
ry subsystem resides in a 





384 Mbytes of system RAM using 36- 
bit-wide, 70-ns SIMMs. 

The RISCstation 2000 employs a 
64-bit graphics interface that offers 
access to video RAM at the same 
speed as system RAM. Supported 
resolutions range from VGA to 1280 
by 1024 pixels with 256 colors and a 
60- or 72-Hz refresh. Available inter- 
faces include one parallel and two se- 
rial ports, one SCSI-2 connector, and 
an Ethernet port. 

Prices for the RISCstation 2000 
are expected to range from $6000 to 
$10,000, depending on the processor 
configuration. That price includes 16 
Mbytes of RAM, a NEC MultiSpin 


3Xi CD-ROM drive, and the Windows 


NT operating system. 
NEC Technologies Inc., 1414 
Massachusetts Ave., Boxbor- 
ough, MA 01719; (508) 264- 
8000. 
mM RICHARD NASS 


daughterboard that supports up to 


CARD CONNECTS PC 

TO CELLULAR PHONE 

Using a PCMCIA cellular direct mo- 
dem, a portable computer, and a cel- 
lular phone, users can transmit and 
receive data. The modem card is 
called the Cellular Direct, and it 
plugs into a Type II PCMCIA socket 
at one end and a cellular phone at the 
other. Using integrated firmware, 
the card stores information about 
the phone so the modem can instant- 
ly recognize the phone upon power- 
up. This eliminates the need for an 
interface box and also eliminates the 
step of rebooting the computer. A 
proprietary technology improves the 
cellular data and fax throughput, re- 
gardless of the error-correction pro- 
tocol used. The technique can also 
enhance existing cellular error-de- 
tection and correction methods by re- 
ducing the number of link-layer 
transmission errors. This should re- 
duce the required number of retrans- 
missions. Available now, the Cellular 
Direct PCMCIA modem sells for 
$329. RN 


Apex Data Inc., 6624 Owens Dr., 


Pleasanton, CA 94588; (510) 416- 
5656. 
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BACKUP LAN SYSTEMS 
AT 94 MBYTES/MIN. 
The ProLine CX QIC 10 backup and 
data-management system minimizes 
the time required to backup large 
Novell NetWare networks with 
transfer speeds as high as 94 
Mbytes/min. through a SCSI-2 
adapter. The system includes a quar- 
ter-inch cartridge (QIC) tape drive 
that holds 10 Gbytes of compressed 
data. The bundled software can send 
data to the tape drive from eight 
sources simultaneously. The com- 
bined transfer rates let the tape 
stream, thereby eliminating the 
starts and stops that can degrade 
performance. In addition to 
NetWare, the ProLine CX QIC 10 
supports DOS, Windows, and OS/2. 
The system should sell for about 
$1700. RN 

Tecmar Inc., 6225 Cochran Rd., 

Solon, OH 44139; (800) 624-8560 or 

(216) 349-0600. 


PCMCIA-CARD DRIVE 

FITS DESKTOP PCS 

The CardBay-AT drive makes it sim- 
ple to embed a PCMCIA drive into a 
desktop computer. As an internal or 
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external unit, the drive holds up to 
four PCMCIA cards and mounts ina 
3.5- or 5.25-in. disk drive bay. It sup- 
ports Type I, II, or III cards and in- 
cludes an on-board speaker for fax/ 
modem applications. It can handle 
SRAM, flash, and ATA-flash cards; 
fax-modem, LAN, SCSI, and GPS 
cards; and ATA hard drives. Differ- 
ent socket configurations are avail- 
able, ranging from one to four slots. 
One or two slots can stick out the 
rear of the computer, to plug into a 
network adapter or some other I/O 
device. That would leave the slots at 
the front of the machine available for 
cards that need to be accessed often, 
such as a storage device. Minimum 
system requirements include a 386- 


based PC, DOS 8.3, and Windows 3.0. 


Prices for the CardBay range from 
$149 to $209. RN 
Cardwell International Corp., 110 
Blue Ravine Rd., Suite 156, Fol- 
som, CA 95630; (916) 985- 
1880. 


GRAPHICS SUBSYSTEMS 
WORK WITH IBM RS/6000 
Users of IBM RS/6000 workstations 
can take advantage of the Freedom 
Series 6000 line of graphics accelera- 
tor subsystems. The family is based 
on Evans & Sutherland’s Velocity 
technology and is available in three 
models with differing performance 
levels. At the high end, the Model 003 
achieves up to 3.5 million vectors or 
triangular mesh polygons/s. The 3D 
graphics feature set includes hard- 
ware-accelerated texture mapping, 
antialiased lines, dots, and ploygons, 
and transparency. 

The IBM Freedom Series supports 
the OpenGL Application Program- 
ming Interface (API) and offers a 
high-performance, fully-featured 
graphics platform for applications 
that had previously been available 
only on Silicon Graphics worksta- 
tions. Application availability will in- 
crease as software developers begin 
to incorporate the OpenGL API. The 
subsystem runs under the current 
version of AIX/6000 and is compatt- 
ble with IBM’s other OpenGL graph- 
ics accelerators. RN 

Evans & Sutherland Computer 

Corp., 580 Arapeen Dr., P.O. Box 

58700, Salt Lake City, UT 84158; 

(801) 582-5847. 
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TOOL DESIGNS BIST 


NEW PRODUCTS 


INSTRUMENTS 


INTO ASIC RAM MEMORIES 


built-in self-test technology 
called RAMBIST offers 
comprehensive and effi- 
cient testing of ASIC RAM memory 
blocks. RAMBIST accounts for actu- 
al memory layout, allows at-speed 
testing, and accommodates embed- 
ded one- to six-port synchronous and 
asynchronous memory blocks in LSI 
Logic’s 0.6- and 0.5-um, two- and 
four-layer-metal ASICs. 

The technology is incorporated 
into the RAMBIST Builder tool, 
which works with the company’s 
Verilog and VHDL design kits for 
the Concurrent Modular Design En- 
vironment (CMDE) back-end design 
verification system. RAMBIST, 
which is accessed through the MEM- 
COMP memory compiler, allows 
automatic integration of a test con- 
troller with ASIC memory blocks. 
When the completed chips are placed 
into test mode, these controllers ex- 
ercise memory blocks by writing 
marching patterns, reading them 
back out, and reporting manufactur- 
ing defects. In production-test mode, 
RAMBINT controllers output a pass- 
fail signal. For detailed failure anal- 





ysis, the debug-diagnostic mode 
shifts out the contents of the memo- 
ry as a failing address. After BIST 
operations, users can clear the mem- 
ory contents. The technology is rec- 
ommended for 16-kbit and larger 
memory blocks. For a typical 16-kbit 
block, RAMBIST adds about 6% to 
the silicon area. 

RAMIST uncovers stuck-at, tran- 
sition, coupling (transitions causing 
data errors in nearby cells), and tim- 
ing errors. One controller can be 
shared among multiple identically 
configured memories on each ASIC. 
Because only a few signals per con- 
troller are needed, the technology 
imposes minimum routing overhead. 
The result is a minimum impact on 
overall chip routability. 

The RAMBIST technology will be 
available to CMDE users at LSI Log- 
ic Design Centers this fall. Full inte- 
gration with Verilog is scheduled for 
the fourth quarter of 1994, and with 
the VHDL design kit for the first 
quarter of 1995. 

LSI Logic Corp., MS-D102, 1551 
McCarthy Blvd., Milpitas, CA 
95035. 

@ JOHN NOVELLINO 


TOOL PICKS, IMPLEMENTS 
BEST TEST LOGIC METHODS 


n automatic test-pattern- 
generation software pack- 
age, TestGen Version 2.0 
offers major improvements over 
Version 1.2. Besides enhancements 
in full-scan performance, IEEE- 
1149.1 support, new vector inter- 
faces, and other features, users can 
opt for the Low-Impact Testability 
Enhancement (LITE) tool, which is 
part of the Sunrise Testability Anal- 
ysis and Rule-checking Tool (Start). 
Using proprietary test-optimized 
algorithms, LITE automatically se- 
lects and implements the most cost- 
effective test methodologies for dif- 
ferent portions of a complex circuit 
design in one pass through the cir- 
cuit. The software may choose full 
scan for some parts of the chip, par- 
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tial scan for other modules, and non- 
scan design-for-test techniques for 
areas where scan is not possible. 
LITE takes advantage of functional 
vectors to guide the selection of test- 
logic insertion, under complete user 
control. 

Version 2.0 also includes [KEE- 
1149.1 (boundary-sean) verification 
testing. Automatic functional verifi- 
cation of the required 1149.1 opera- 
tions assures users that their bound- 
ary-scan design is correct. The test 
vectors generated create high fault 
coverage. Also, the software sup- 
ports and integrated boundary-scan 
and internal-scan architecture. Mul- 
tiple independent scan chains can be 
used effectively with the 1149.1 de- 
sign. 

One new vector interface is a par- 
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allel load capability for Verilog simu- 


| lations. The interface, a companion 


to the existing serial Verilog inter- 
face, improves performance by sev- 
eral orders of magnitude in the vec- 
tor sign-off process for full and par- 
tial sean. The second new interface is 
the industry-standard Summit De- 
sign Inc. (formerly TSSI) WGL vec- 
tor format, which offers direct paths 
to test equipment with proven transi- 
tion paths. 

TestGen 2.0 prices begin at 
$75,000. The Start module, including 
LITE, costs $25,000. | 

Sunrise Test Systems, 2730 San 
Tomas Expressway, Suite 200, 
Santa Clara, CA 95051; (408) 
980-7600. 
m@ JOHN NOVELLINO 


NETWORK ANALYZER HAS 
VERY FAST SWEEP RATE 

A pair of vector network analyzers 
offers users extremely fast sweep 
rates. The R3752A, which is suited 
for integration into ATE systems, 
has a 82-by-8-character fluorescent 
information display. The R3753A is 
designed to operate as a standalone 
instrument. It has a high-resolution, 
7.8-in. thin-film transistor color LCD 
een ey The 500-MHz instruments 





a 10-kHz resolution bandwidth, anda 
blanking time of 5 ms. 

The units have three input chan- 
nels that allow two components of 
the same type to be tested simulta- 
neously. Both come witha 8.5-in. disk 
drive, and RS-232C, 8-bit parallel, 
and IEEE-488 interfaces. The instru- 
ments are made by Advantest and 
sold in North America through Tek- 
tronix. The R8752A costs $19,900, 
and the R3758A cost $23,500. Deliv- 
ery is in 10 weeks. JN 

Tektronix Inc., Test & Measure- 

ment Group, P. O. Box 1520, Pitts- 

field, MA 01202; (800) 426- 

2200. 
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12-BIT CARD DIGITIZES 
AT 60-MSAMPLE/S 
The CompuScope 6012 is an IBM PC/ 
AT-compatible plug-in card that per- 
forms 12-bit analog-to-digital con- 
version at sampling rates to 60 
Msamples/s on one channel, and 30 
Msamples/s on two channels. The 
card features a signal-to-noise ratio 
of 62 dB and a total harmonic distor- 
tion of -61 dB, measured at the maxi- 
mum sampling rate. Because the 
card’s sample rate is faster than the 
ISA bus can handle, data is stored in 
an on-board memory. The initial of- 
fering includes 512 ksamples of 
SRAM, but has 8-Msamples addres- 
sability. Up to eight cards can be con- 
nected together with a common clock 
and trigger. Included is the GageS- 
cope software, which allows users to 
operate the card like an oscilloscope 
without doing any programming. 
The CompuScope 6012 costs 
$6995. JN 
Gage Applied Sciences Inc., 5465 
Vanden A beele, Montreal, Quebec, 
Canada H4S 181; (800) 567-4243 
or (514) 337-6893. 


SOFTWARE SENDS DSO 
WAVEFORMS TO A PC 
DocuWave is an executable soft- 
ware application that acquires wave- 
forms from any Tektronix digital os- 
cilloscope and exports them to other 
applications for documentation and 
publishing uses. 

The software works with any DOS 


So 


PC and can run as a DOS application 
under Windows. Components of 
DocuWave include the National In- 
struments LabWindows instrumen- 
tation software and [EEE-488 plug- 
in hardware. 

The DocuWave software can ac- 
quire up to four waveforms simulta- 
neously and generate TIFF, BMP, 
PCX, HPGL, and EPS images of 
them. After the waveforms are ac- 
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quired by the PC, users can zoom, ad- 
just, and document them on the com- 
puter screen. DocuWave costs $195 
for the software only. It is also of- 
fered bundled with a National In- 
struments [EEE-488 board and oscil- 
loscope. JN 

Tektronix Inc., Test and Measure- 

ment Group, P. O. Box 1520, Pitts- 

field, MA 01202; (800) 426- 


2200. 


SOFTWARE SENDS DMM, 
COUNTER DATA TO PC 

The Hewlett-Packard 34812A Bench- 
Link/ Meter software allows users to 
transfer data from HP digital multi- 
meters and counters to a personal 
computer without having to write 
computer code. The Windows-based 
software also solves connectivity 
problems and simplifies data analy- 
sis. 

Incoming data can be displayed on 
the computer’s screen in real time as 
scrolling strip charts. Users can ana- 
lyze the captured data using graphs, 





histograms, and statistical tools. 
The software operates over an 
IEEE-488 or RS-232 interface and 
supports Hewlett-Packard or Na- 
tional Instruments IKEE-488 inter- 
face cards. In addition to test type, 
number of measurements, and test 
intervals, users can select speed and 
accuracy options and define test lim- 
its. The HP 34812A BenchLink/Me- 
ter software costs $150. JN 
Hewlett-Packard Co., Direct Mar- 
keting Org., P. O. Box 58059, 
MS51L-SJ, Santa Clara, CA 
95051-8059; (800) 452-4844. 


CIRCLE 680 


Buyer in Tro 


Plan It of the Apes 


“Howard, my boss, said I was dumber than an orangutan for 
buying 400,000 transformers from offshore instead of calling 
Prem. He said Prem has no minimum order quantity and you 

can schedule deliveries when you need them. He threatened to 
let scientists dissect me to see if I'm the missing link. 


I really shoulda called Prem. 
You oughta call Prem!” 


PREM" 


Where Quality Really Counts! 


For Prem’s new catalog or additional product information, call or write 
Prem Magnetics, Inc. 
3521 North Chapel Hill Road, McHenry, IL 60050. 
Phone: 815-385-2700. FAX: 815-385-8578. 
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HOT-PLUG SUPPLIES 

BOAST REDUNDANCY 

A hot-plug power system is available 
| to produce 2400 W of outputina2+1 
redundant configuration. The THN 
Series consists of three hot-plug 
power units in a 19-in. rack assembly 
that is 8.75 in. high by 19 in. wide by 
17 in. deep. Each power unit delivers 
up to 1200 W of output, has integral 
isolation diodes on the output and 





self-contained fan cooling, and is 
quickly replaced while the system 
continues to generate full output. 
For non-redundant operation, the 
system produces up to 3600 W of out- 
put. The power units have current- 
sharing circuitry that automatically 
equalizes output currents with all 
outputs connected in parallel. Up to 
four outputs are available with a 
choice of voltages from 2 to 48 V de. 
Power-unit prices start at $1765 
each, with 100-piece prices at $1331. 
The corresponding chassis prices are 
$550 and $415. Delivery is in eight to 
10 weeks. DM 

Unipower Corp., 3900 Coral Ridge 

Dr., Coral Springs, FL 33065; War- 

ren Peters, (305) 346-2442. 


ISOLATION TRANSFORMERS 
HOLD OFF TRANSIENTS 
Reliable, cost-effective elimination 





of voltage transients, noise, and 
ground-loop problems is provided by 
the PowerGuard series of extreme- 
isolation transformers and power- 
line conditioners. The units feature 
the company’s Advanced Resonant 
Magnetics wide-bandwidth filtration 
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circuitry, which provides attenua- 
tion of ‘‘real-world’”’ common-mode 
and transverse-mode noise not ad- 
dressed by the narrowly defined 
ANSI/IEEE (C62.41-1980 wave- 
forms. Pricing starts at $305 for sin- 
gle-phase units and $1947 for three- 
phase units. Delivery is from stock 
for single-phase types and in four to 
six weeks for three-phase mo- 
dels. DM 
Xentek Inc., 1770 La Costa Mead- 
ows Dr., San Marcos, CA 92069; 
Charles Henry, (619) 471- 
4001. 


1200-V, 70-A IGBT 
SAVES PC-BOARD SPACE 
Reducing the traditional amount of 
space consumed by IGBT modules, 
the model IXSK35N120AU1 module 
mounts vertically to take up less 
than 1 in.”. The module consists of 
the company’s 70-A, short-circuit- 
rated IGBT and a fast-recovery epi- 
taxial diode, both in a three-leaded 
TO-264 package. The module is rated 
at a minimum blocking voltage of 
1200 V with a maximum saturation 
voltage of 4 V and typical switching 
fall time of 700 ns. Applications in- 
clude ac-motor speed controls, unin- 
terruptible power supplies, de servo 
and robotic drives, and de choppers. 
Pricing in lots of 1000 is $16.50. Sam- 
ples are available now and produc- 
tion quantities will ship in the Octo- 
ber/November time frame. DM 
IXYS Corp., 3540 Bassett St., San- 
ta Clara, CA 95054; (408) 982- 
0700. 


SMALL SWITCHERS 
DELIVER EFFICIENCY 
With reductions in the number and 


e 


size of components required, the HY 









Series of switching power supplies 
represent a compact, lightweight, 
and highly efficient answer to pow- 
er-supply requirements. The units 
offer a profile of less than 1 in. and 
efficiency ratings ranging from 77% 
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to 85%, depending on power level and 
output voltage. The series offers 25-, 
50-, and 100-W models, each with 5-, 
12-, or 24-V outputs. All have univer- 
sal inputs and meet IEC950, UL1950, 
and CSA22.2/154 specs. Overload 
and overvoltage protection is includ- 
ed, as is remote sense and remote on/ 
off in the 100-W model. Call for pric- 
ing and delivery. DM 
Shindengen America Inc., 2985 E. 
Hillcrest Dr., Suite 140, Westlake 
Village, CA 91362; (800) 634- 
3654. 


MODULAR SUPPLIES 

PLUG INTO CARD CAGES 

The EC Series of 19-in. modular plug- 
in ac-de converters provides a low- 





cost supply wi 
on thermal management, conducted 
noise, performance, or safety in 19- 
in. card-cage applications. Models in- 
clude the Monovolt EC 50, a primary 
switched-mode, 50-W supply with 
power-fail function and rear heat 
sinks. Four power options are avail- 
able: 5, 12, 15, and 24 V. A triple-out- 
put version, the Trivolt EC 50, is also 
offered, as is a 100-W model and a 
125-W triple-output type. Pricing for 
a Monovolt EC 50 supply is $244. De- 
livery is from stock. DM 
VERO Electronics Inc., 1000 Sher- 
man Ave., Hamden, CT 06514- 
1336; George Ross, (800) 242- 
2863. 
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PIZZA-SIZE ATM-DEVELOPMENT PLATFORM OFFERS TASTY 
“FREE TOPPINGS” TO SPEED APPLICATIONS TO MARKET 


elp is on the way for the pio- 

neering technologists who 

are bravely designing 
ATM transceivers, switches, and 
routers in the face of incomplete and 
still-evolving standards. Arriving in 
_ the form of a powerful, real-time de- 
velopment and performance-analy- 
sis system, the pizza-box-sized unit 
sports two RISC engines and comes 
complete with a full software suite 
tailored specifically for ATM appli- 
cations. Offered by LSI Logic, Milpi- 
tas, Calif., the ATMizer R/T is a pro- 
totyping system that furnishes tools 
for the development of hardware, 
software, and applications based on 
the ATMizer CPU, LSI’s program- 
mable ATM processing engine. 

Co-developed with Newbridge 
Networks, SynOptics, and Ascom 
Tech, the ATMizer is a single-chip 
ATM engine that’s based on the ar- 
chitecture of LSI’s popular MIPS 
R3000 RISC CPU. The ATMizer may 
be used as a standalone chip or incor- 
porated as a standard logic core for 
development of custom ATM ASICS. 
Designed specifically for crunching 
ATM cells, the 32-bit RISC processor 
is capable of supporting all estab- 
lished ATM adaptation layers and 
can process up to 64,000 virtual chan- 
nels (VCs) of voice, video, and data 
simultaneously. Thanks to its effi- 
cient architecture, it is also capable 
of handling software intensive, high- 
er-level tasks, such as LAN emula- 
tion and congestion management. 
Part of the ATMizer’s success is due 
to it’s reprogramability, which al- 
lows products to keep up with evolv- 
ing ATM standards through simple 
software upgrades. 

By putting the ATMizer on a pro- 
totyping card (complete with ROM- 
based monitor/debugger, program 
and data RAM, two serial-communi- 
cation ports, and a UTOPIA-compli- 
ant PHY-layer ATM interface), LSI 
Logic created a practical, flexible de- 
velopment tool. The ATMizer R/T 
platform contains two of these 
boards, one serving as the SAR en- 
gine board, operating at up to 155 
Mbits/s, while the other board func- 
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tions as a host CPU. The host board 
is responsible for building protocol 
data units (PDUs), and for providing 
the necessary messaging and inter- 
rupt mechanisms for the SAR en- 
gine. Application code may be writ- 
ten and compiled on most worksta- 
tions and then downloaded to either 
board via their serial ports. 

The board also features a VL-bus 
(VESA local-bus) architecture com- 
mon to many 486-based computers. 
This host interface serves as a means 
of easily integrating the develop- 
ment card with a prototype host sys- 
tem. In addition, it provides a refer- 
ence hardware design for network 
interface card (NIC) manufacturers. 

Originally produced to support 
LSI’s internal development efforts, 
the R/T platform comes with a full 
compliment of software. Besides the 
on-board monitor/debug program, 
LSI supplies royalty-free source 
code listings of its AAL5 SAR soft- 
ware. Also included are code and 
code listings for the host interface 
and performance-monitoring soft- 
ware. Most of the software is written 
in C and may be used in whole or part 
without any additional fee. 

Further support for ATMizer code 
development will come from Algor- 
ithmics Ltd., London, England, in the 
form of licensed cross-tools for use 
with the R/T platform. Algorithmics 
offers compilers, assemblers, link- 
ers, and debuggers for MIPS-based 
processors, available in packages 
that run on most popular worksta- 
tions. Like the PROM. and SAR 
source code, the cross-tools may be 
used without paying royalties. “The 
alliance with Algorithmics will en- 
able our customers to immediately 
begin developing code for their 
ATM-based hubs, routers, and 
NICs,” says Arvind Kumar, market- 
ing director for networking plat- 
forms in LSI Logic’s Telecom Prod- 
ucts Division. 

The ATMizer R/T platform en- 
ables ATM product designers to 
evaluate the functions and perfor- 
mance (up to 155 Mbits/s) of the AT- 
Mizer architecture, and emulate fu- 
ture system performance. It offers 
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the unique opportunity to develop 
both the host and ATM adaption soft- 
ware on one system, using the same 
tools, and even serves as a real-time 
monitor for an existing ATM net- 
work. Used this way, it can monitor 
an ATM data stream and provide per- 
formance and statistical data for in- 
dividual channels. 

By putting R/T’s SAR board in 
loopback mode, designers can use 
the board’s PROM-based monitor to 
develop, test, and debug code inde- 
pendent of a specific physical ATM |. 
transmission medium. With an op- 
tional UTOPIA-compliant framer 
module attached, the R/T platform 
will emulate the system perfor- 
mance of various physical media, 
such as unshielded twisted pair and 
optical fiber. Initial framer modules 
are available to support the 100- 
Mbits/s 4B/5B, the 51-Mbits/s STS1, 
the 155-Mbits/s SONET/STS-8G, the 
45-Mbits/s DS3 ISDN, and the 25.6- 
Mbits/s data stream transmitted 
over cat-3 UTP. For complete ATM 
network emulation, the designer can 
connect two ATMizer R/T platforms 
together using the appropriate phys- 
ical media and framer modules. 

“Now that most of the basic PHY 
layer issues are solved, our develop- 
ment platform will enable designers 
to tackle the next class of problems 
facing ATM,” says Tony Stelliga, 
vice president and general manager 
of the Telecom Division at LSI Logie. 
Stelliga indicated that several cus- 
tomers were already using the AT- 
Mizer R/T system to look at the 
problems involved with signalling 
over WANS, LAN emulation, traffic 
control, congestion management, 
and MPEG video transport. 

Pricing for a typical configuration 
of the ATMizer R/T starts at 
$15,000. Prices for individual framer 
modules begin at $2000 each. Plat- 
forms are available from stock, with 
delivery in four weeks. 

LSI Logic Corporation, Litera- 
ture Distribution Dept., MS 
D102, 1551 McCarthy Blvd, Mil- 
pitas,CA 95035; (408) 433- 
8000. 
@ LEE GOLDBERG 
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MINI SMT OSCILLATORS 
CUT INSTALLED COSTS 

In addition to providing a wide range 
of output frequencies, the SMT 
51600/S1650 oscillators feature plas- 
tic and ceramic packaging for lower 
manufacturing costs and improved 
end-product quality. The oscillators 
are available in frequencies from 1.5 





quency generation and control in 
PCMCIA, telecom, instrumentation, 
and computer-system designs. Out- 
puts are compatible with both 
HCMOS and TTL and can drive up to 
five TTL loads. The $1650 drives up 
to 50 pF and includes the tri-state 
function. Pricing ranges from $6.80 
to $9 in lots of 100. DM 

SaRonix, 151 Laura Lane, Palo 

Alto, CA 94303; (800) 227- 


8974. 


SCSI TERMINATOR 

EASES BUS DISCONNECTS 
With on-chip resistors and a 2.9-V 
regulator, the REG5601 is an 18-line 
active terminator that meets all 





SCSI-2 requirements by providing 
the prescribed 110-29 termination for 
low power dissipation and high- 
speed data transmission. The device 
is an alternate source for the 5601 
SCSI terminator. It can be discon- 
nected from the bus witha single log- 
ic-contro! line. Output lines retain 
high impedance without power ap- 
plied. Each data line is individually 
clamped to ground to dissipate nega- 
tive-going glitches. Key specs in- 
144 Bd 
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clude a 2.9-V current-limited and 
thermally protected regulator, a 
power-down mode of 150 pA maxi- 
mum, and an output capacitance in 
disconnect mode of 10 pF typical. The 
device comes in a 28-lead SMT pack- 
age for operation from zero to 70°C. 
Pricing is $4.60 in lots of 10,000 with 
delivery from stock. DM 
Burr-Brown Corp., P.O. Box 
11400, Tucson, AZ 85734; Bonnie 
Baker, (800) 548-6132. 


TUBEAXIAL FAN 
COOLS EFFICIENTLY 
A high-reliability, military-grade tu- 
beaxial fan is available for air-cool- 
ing of electronic equipment. The IM- 
Cool 400 fan offers a footprint of 
only 3.75 in. in diameter, 2 in. of axial 
depth, and weighs 1 lb. Tubeaxial 
technology delivers a directed flow 
of air and can be used in either a 
blow-through or draw-through 
mode. Air delivery is rated at 190 cfm 
(free air) when operating at 11,000 
rpm. The unit may be operated from 
either 115 or 200 V ac, 50/60 or 400 
Hz. It meets or exceeds the require- 
ments of MIL-B-23071 and other ap- 
plicable military standards. Call for 
pricing and delivery. DM 

IMC Magnetics Corp., 475 Wire- 

less Blvd., Hauppauge, NY 11788- 

3951; Otto Loorents, (516) 231- 


8100. 


VISIBLE LASER DIODES 
CONSUME LITTLE POWER 
Two 5-mW microminiature laser di- 
odes emit visible light and offer low 
power consumption for uses in bar- 





code scanners and laser pointers. 
The two red-light diodes include the 
higher-reliability model SLD1121VS 
for scanners and the lower-cost 
SLD1122VS for pointers. Both are 
available in 5.6-mm flat-top pack- 
ages. The 670-nm devices have a rec- 
ommended radiant output power of 3 
mW, a low threshold current of 40 
mA typical, and 5 mW of optical out- 
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put power. At a 3-mW radiant out- 
put, operating current is 50 mA and 
voltage is 2.5 V. Production quanti- 
ties are priced at $15 for the 
SLD1121VS and $14 for the 
SLD1122VS. Both are available from 
stock. DM 

Sony Electronics Inc., Component 

Products Co., 3300 Zanker Rd., 

San Jose, CA 95134; (408) 432- 


0190. 


PRECISION ENCODERS 
SOUND SAFETY ALARMS 

In the event of undervoltage, dirt ac- 
cumulation, short circuit, overheat- 
ing, or disk breakage, Bourns’s line 
of opto-ASIC-chip-based encoders 
send out an error message that can 
be used to deactivate systems and 
avoid damage to the encoder and the 
system itself. Both incremental and 
absolute encoders are offered. Mod- 
els BI81, BI82, and BI39 are incre- 
mental types ranging in size from 30 





to 39 by 39 mm with shaft diameters 
of 5 and 6 mm and maximum speeds 
of 4000 and 6000 rpm. Incremental 
types include models BI30, BI36, 
BI58, and BI58H. Their shaft diame- 
ters range from 5 to 12 mm with max- 
imum speeds of 10,000 and 3000 rpm, 
respectively. The BA58 absolute 
shaft encoder, single- or multi-turn, 
has a shaft diameter of 6 or 10 mm 
with maximum speed of 6000 rpm 
continuous duty. Call for pricing and 
delivery. DM 
Bourns Inc., Integrated Technolo- 
gies Div., Sensors/Controls Prod- 
ucts, 2533 North 1500 West, Og- 
den, UT 84404; Blair Larsen, (801) 
786-6367. 
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POPULAR PC-BASED DESIGN ENVIRONMENT 
MOVES TO THE WINDOWS OPERATING SYSTEM 


rCAD is moving its next- 

generation product line, 

called OrCAD Design Desk- 
top, to the Windows operating sys- 
tem. Existing OrCAD products run 
under DOS. The first Desktop prod- 
uct to be made available will be Or- 
CAD Capture for Windows, a design- 
entry toolset written specifically for 
Microsoft Windows. 

The design-capture program ex- 
ploits the Windows-based interface 
and well-established protocols for 
sharing information with other Win- 
dows applications. It’s created with 
the Win 32s API, C++, and Micro- 
soft Foundation Classes technology. 
The result is that OrCAD Capture 
will run fast on all Windows plat- 


forms, and will provide an easy path 
to integrate emerging Windows 
technology being developed by M1- 
crosoft, including Object Linking 
and Embedding (OLE). 

OrCAD Capture for Windows is 
data-compatible with the company’s 
DOS-based predecessors. However, 
it delivers enhanced capabilities in 
three major areas: user interface, da- 
tabase, and utilities. Its Windows in- 
terface supports point-and-click se- 
lection and editing of objects. 

The new object-oriented database 
supports user-defined properties. It 
also facilitates back-annotation from 
physical-layout and -analysis tools. 
The database is electrically intelli- 
gent, which enables automatic junc- 
tioning, on-line verification of con- 


nectivity, and the ability to highlight 
a net across schematic pages. 

All the utilities in OrCAD Capture 
are on-line. Users can have a sche- 
matic window and a part window 
open at the same time. Commands 
are context-sensitive, so the applica- 
tion menu understands what users 
are editing and makes the appropri- 
ate commands available. 

OrCAD Capture for Windows will 
be available by the end of November. 
Pricing is set at $995. Other products 
in the OrCAD Design Desktop line 
are under development, and will be 
introduced by the end of the year. 

OrCAD, 9300 S.W. Nimbus 
Ave., Beaverton, OR 97005- 
71387, (503) 671-9500. 
Mm LISA MALINIAK 





BOARD-DESIGN SYSTEM 
TARGETS USERS’ NEEDS 
Release 8.0 of Cadence’s Allegro 
Correct-By-Design (CBD) pc-board 
design system targets users’ re- 
quirements with new levels of open- 
ness, productivity, and performance. 
Allegro 8.0 offers extendibility in pe- 
board design through Skill, the com- 
pany’s programming language that 
lets users customize their design en- 
vironment. Users can accelerate de- 
sign throughput with Allegro’s pro- 
grammable design flows, etch-edit- 
ing capabilities, and support for the 
latest in raster photoplotting. A 
semi-automatic route editor lets us- 
ers perform interactive design with 
features such as route-to-cursor, 
which routes a connection from a se- 
lected point to the current cursor lo- 
cation. Overall system speed has 
been increased with faster design- 
rule checking and push-button inte- 
gration of the Cadence Prance-XL 
autorouter. Allegro CBD is available 
in configurations aimed at design en- 
gineers, layout designers, and physi- 
cal-packaging experts. Pricing 
ranges from $33,000 to $109,000. The 
optional Skill Developer’s Kit costs 
$15,000. LM 

Cadence Design Systems Inc., 555 

River Oaks Pkwy., San Jose, CA 

95134; (408) 943-1234. 
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LIBRARIES SUPPORT 
SUBMICRON PROCESSES 
The libraries from VLSI Libraries 
are now optimized for submicron 
CMOS processes down to 0.35 wm. 
Standard products from VLSI Li- 
braries include a wide selection of 
standard cells; single-, dual-, and 
multi-port RAMs; ROMs; multipli- 
ers; datapath elements; I/O cells; 
and many other macrofunctions. The 
libraries are designed for density 
and performance, and operate at fre- 
quencies in excess of 100 MHz. All 
products are delivered completely in- 
tegrated into existing EDA tools. A 
full set of standard cells is available. 
The cells are optimized for the target 
process and the place-and-route tool. 
RAMs and ROMs can be ordered ina 
wide variety of sizes and speeds. The 
multipliers and datapath elements 
are designed to be used in high-per- 
formance math, graphic, and digital- 
signal-processing applications. Li- 
brary elements and generators can 
be purchased individually. Block in- 
stances and standard cells, opti- 
mized for a specific process, can be 
delivered in eight to ten weeks. Call 
the company for pricing and addi- 
tional product information. LM 

VLSI Libraries Inc., 3135 Kifer 

Rd., Suite 101, Santa Clara, CA 

95051; (408) 986-9300. 
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LIBRARY HELPS MODEL 
HIGH-SPEED DESIGNS 
The MasterModel Digital Logic Li- 
brary from Zeelan Technology con- 
tains more than 2500 models for 
high-speed parts from semiconduc- 
tor companies like Motorola, TI, and 
Toshiba. Logic families covered by 
the Digital Logic Library include 
ABT, AC, ACQ, BCT, LS, and stan- 
dard TTL, among others. In addition, 
the company has libraries for the 
PowerPC, 80486, 68040, and Pentium 
line of microprocessors. Zeelan’s 
model libraries are generated using 
a proprietary technology integrat- 
ing stimulus and acquisition hard- 
ware with model-extraction soft- 
ware to capture critical device char- 
acteristics. Each measurement- 
based model is specific to the 
semiconductor manufacturer, digi- 
tal logic family, part number, and 
version. All models include the pin 
outs and pin names. The resulting li- 
braries are formatted to match spe- 
cific simulator requirements, and 
are ready to load and run without ad- 
ditional effort from users. Call the 
company for pricing and additional 
information. LM 

Zeelan Technology Inc., 10550 

S.W. Allen Bivd., Suite 108, Bea- 

verton, OR 97005; (503) 520- 


1000. 
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POWER PRODUCTS 
AND AC SOURCES 

Hewlett-Packard, 
Palo Alto, Calif., 

has published its 
1994/95 Power 
Products Cata- 
log (literature 
5091-9598EUS), 

which provides 
application infor- 
mation and product specifications 
for its power-product-line users 
worldwide. This 66-page edition pro- 
vides the latest technical informa- 
tion for ac sources, dec power sup- 
plies, de electronic loads, power test 
systems, and solar-array simula- 
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PGA FAMILY OF TEST, 
BURN-IN SOCKETS 

A free eight-page brochure describ- 
ing a complete family of Textool 
PGA test and burn-in sockets and ac- 
cessories is available from 3M Elec- 
tronic Products Division, Cedar Rap- 
ids, Iowa. The brochure details a 
comprehensive line of PGA sockets 
for virtually any pin count and lead 
configuration. A unique feature of 
the literature is a one-page work 
sheet that allows engineers to design 
their own socket layout for produc- 
tion. The four-color brochure in- 
cludes color photographs, product 
information, and specifications on 
the Grid ZIP sockets, Carrier Com- 
patible sockets, Interstitial Sockets, 
PGA receptacles, and Grid ZIP kits 
(sockets for smaller test applica- 
tions). The sockets are available in ei- 
ther PES or high-temperature Tor- 
lon. CM 


DISK HELPS CREATE DATA- 
ACQUISITION SYSTEM 

The DAQ Designer interactive data- 
acquisition planner from National 
Instruments, Austin, Texas, was up- 
dated to include a number of new 
products from the company. The 
disk-based software helps users con- 
figure systems for PC/XT/AT/ 
KISA and Micro Channel-based com- 
puters. Through its graphical inter- 
face, DAQ Designer asks the devel- 
oper questions about system re- 
quirements, such as the type and 
number of analog and digital sig- 
nals, the type and number of sensors 
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and signals, and signal conditioning 
needs. The program analyzes the an- 
swers and recommends specific 
plug-in boards, conditioning prod- 
ucts, cable assemblies, and software 
packages. After the user has select- 
ed the products, DAQ Designer cre- 
ates a summary list that can be 
stored or printed. JN 


SMALL PRINTER 

PRODUCTS BROCHURE 
Star Micronics 
America, Pis- § 
cataway, N.J., has 
released its 1994 
small printer § 
products catalog. 


The 26-page color FNS 


HN | 


brochure details «PRODUC 


the company’s full 
line of printer products, ranging 
from 22 to 44 columns. Highlighted 
are the newest housed units and 
printer mechanisms. The brochure 
describes the pertinent functions of 
standalone printers, printer mecha- 
nisms, control boards, and accesso- 
ries. Information on applications, 
printing speed, dimensions, and dif- 
ferent character types are included. 
In addition, the catalog contains 
specification charts, print samples, 
and full color photographs of all the 
products. The catalog is free. CM 


CIRCLE 933 


STANDARD AND CUSTOM 
INTERCONNECT SOLUTIONS 
A free short-form catalog from Ari- 
es Electronics, Frenchtown, N.J., 
features a wide range of standard 
and custom products for solving in- 
terconnection and packaging prob- 
lems. Included in the 16-page Jnter- 
connection & Packaging Solutions 
catalog is a description of Correct-a- 
Chip adapters, sockets, and semi-hy- 
brid daughterboards. These prod- 
ucts enable users to upgrade or fur- 
ther enhance existing products with- 
out costly redesign or board rework. 
The catalog lists typical applications 
or problems, which these product 
types can solve. Test heads for test- 
ing surface-mount pc boards without 
soldering the chip to the board are 
also covered. The catalog also de- 
scribes Aries’ range of test, pro- 
gramming, and burn-in sockets for 
accommodating a large variety of 
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styles and application needs, includ- 
ing the Universal ZIF socket, which 
accepts all seven standard PLCC 
packages. CM 


PRODUCT TEST 
ACCESSORIES 
Over 100 new 
products are in- 
cluded in the 1994 
New Product Test 
Accessories Cata- 
log from ITT Po- 
mona Electronics, 
Pomona, Calif. 
The 36-page, free 
color catalog includes logic analyzer 
test accessories, IEC1010-safe 
probes, and banana jacks. Among 
the products highlighted are a new 
logic scope probe, insulated scope 
probes, oscilloscope probes, DMM 
test lead kits, IEC1010 probe leads, 
fused probe kits, grabbers, cable as- 
semblies, and adapters. Also fea- 
tured are test clips and adapters for 
the latest IC devices, including the 
MC683860, 80486SLE, and 
MC68HC11. Other products include 
boxes, test strips, and laboratory 
power supplies. CM 


FAX-ON-DEMAND SERVICE 

Eurotherm Controls, Reston, Va., 
now offers Fax-On-Demand for im- 
mediate transmission of sales and 
technical information to a fax ma- 
chine. A library of over 75 data bulle- 
tins and technical information sheets 
concerning Eurotherm Controls 
products is available 24 hours a day. 
Fax-On-Demand is accessed by dial- 
ing 703-787-3441. First-time users 
can request a list of available docu- 
ments. After that, users can order up 
to three documents in one transmis- 
sion. Faxes are sent free of charge to 
any fax machine in the U.S. and Can- 
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SOFTWARE SOLUTIONS 

A 320-page catalog from Data Trans- 
lation, Marlboro, Mass., describes 
the company’s complete line of data- 
acquisition and imaging products. 
The 1994 handbook highlights soft- 
ware solutions from programming 
tools to applications and describes 
the company’s extensive lines of 
high-performance and low-cost hard- 


ware. CM (Male TEL 
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UPCOMING MEETINGS 


SEPTEMBER 


Sensor Communication Standard 
Workshop (held in conjunction 
with Sensors Expo Technical Con- 
ference and Exhibition), Sept. 19. 
Cleveland IX Expo Center, Cleve- 
land, OH. Contact Tammie Grice, 
National Institute of Standards in 
Technology, (301) 975-8883; fax (301) 
948-2067. 


14th IEEE International Semicon- 
ductor Laser Conference, Sept. 19- 
23. Hyatt Regency Maui, Maui, HI. 
Contact Samantha H. Phillips, 
IEEE/LEOS, 445 Hoes Ln., P.O. Box 
1331, Piscataway, NJ 08855-13831; 
(908) 562-8894; fax (908) 562-1571; E- 
mail: s.phillips @ ieee.org. 


ASIC Conference and Exhibit 
(ASIC ’94), Sept. 19-23. Rochester 
Riverside Convention Center, Roch- 
ester, NY. Contact Paul PK. Lee, 
Hastman-Kodak Co., Rochester, NY 
14650-2008; (716) 477-2869; fax (716) 
477-4947. 


AUTOTESTCON 794, Sept. 20-22. 
Disneyland Hotel, Anaheim, CA. 
Contact Robert Rassa, ManTech In- 
ternational, 150 8. Los Robles Ave., 
Suite 350, Pasadena, CA 91101; (818) 
577-7100; fax (818) 577-7102. 


Embedded Systems Conference, 
Sept. 20-23. Santa Clara Convention 
Center, Santa Clara, CA. Call (415) 
905-2354 for more information. 


Canadian Conference on Electrical 
and Computer Engineering, Sept. 
25-28. World Trade & Convention 
Centre, Halifax, Nova Scotia. Con- 
tact C. Baird, Department of Electri- 
cal Engineering, Technical Universi- 
ty of Nova Scotia, Post Office Box 
1000, Halifax, Nova Scotia, B8J 2X4 
Canada; (902) 420-7717; fax (902) 422- 
7535. 


2nd IEEE Workshop on Interac- 
tive Voice Technology for Tele- 
communications Applications, 
Sept. 26-27. Sumitomo Hall, Kyoto, 
Japan. Contact Sadaoki Furui, NTT 
Human Interface Labs, 3-9-11 M1- 
dori-cho, Musashino-shi, Tokyo, 180 
Japan; 81-422-59-3910; fax 81-422-60- 
7808. 
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Information Superhighway Sum- 
mit/San Jose, Sept. 26-28. Red Lion 
Hotel, San Jose, CA. Contact Jeff 
Silha, IDG World Expo, (800) 225- 
4698 or (508) 820-8628. 


WESCON ’94-Idea/Microelectron- 
ics, Sept. 27-29. Anaheim Conven- 
tion Center, Anaheim, CA. Contact 
Joan Carlisle, Electronic Conven- 
tions Management, 8110 Airport 
Blvd., Los Angeles, CA 90045; (310) 
215-8976; fax (310) 641-5117. 


3rd International Conference on 
Universal Personal Communica- 
tions, Sept. 27-Oct. 1 (ICUPC ’94). 
San Diego, CA. Contact Henry A. 
Macchio, Hughes Network Systems 
Inc., 10450 Pacific Center Ct., San 
Diego, CA 92121; (619) 452-4610; fax 
(619) 597-8979. 


OCTOBER 


MILCOM ’94, Oct. 1-5. Fort Mon- 
mouth, NJ. Contact Donald L. Schil- 
ling, InterDigital Communications 
Corp., 85 Old Shore Rd., Suite 200, 
Port Washington, NY 11050; (516) 
883-0760; fax (516) 883-0746. 


1994 IEEE International Test Con- 
ference (ITC), Oct. 2-6. Sheraton 
Washington Hotel, Washington D.C. 
Contact Doris Thomas, Internation- 
al Test Conference, 205 Tennyson 
Ave., Suite C, Altoona, PA 16602; 
(814) 941-4666; fax (814) 941-4668. 


Antenna Measurement Techniques 
Symposium 794, Oct. 3-7. Hyatt Re- 
gency, Long Beach, CA. Contact 
James P. McKay, The Aerospace 
Corp., M1/135, P.O. Box 92957, Los 
Angeles, CA 90009; (310) 336-1596; 
fax (810) 836-6225. 


Far East Tour 1994, Electronics & 
Computer Shows, Oct. 4-17. Japan, 
Taiwan, Hong Kong, Korea, China, 
Singapore. Contact Ellen Wong, 
Commerce Tours International Inc., 
870 Market St., S San Francisco, CA 
94102; (415) 483-3072; fax (415) 438- 
2820. 


CD-ROM Expo/Boston, Oct. 5-7. 
World Trade Center, Boston, MA. 
Contact Mitch Hall & Associates at 
(617) 361-2001. 
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Oh 
Power Module 
is Dual... 


NRO A 


single oulpul i 





Patent Pending : 


Single Outputs $104 / 
Dual Outputs $149 


28 Standard Models / 
Special Voltages Available 


Four Series / 18-380 VDC Input 


Fixed Frequency 100kHz 
True Redundancy Operation 


The availability of DUAL ISOLATED 
OUTPUTS creates cost and space sav- 
ings in many applications. 

Fully safeguarded for over voltage, over 
temperature and continuous short circuit 
protection, these FIXED Hi-Frequency 
units minimize technical problems. 

With output voltages from 3.3 VDC to 100 
VDC, four distinct input ranges and the 
choice of single or dual outputs plus the 
capability of Parallel Operation, as stand- 
ard features, your circuit designs can be 
optimized. 

Assembled in the U.S.A. with PICO qual- 
ity components, these hi density units al- 
low the most stringent mechanical, elec- 
trical and environmental requirements. 


See EEM or send direct 
for Free PICO Catalog. 

Call toll free 
in NY call 914-699-5514 
FAX 914-699-5565 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 


READER SERVICE 150 
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DIRECT CONNECTION ADS 


Best Value in the World 
for 
Polyimide and FR4 
Commercial & Mi 


1 to 5 day turns (J 1 to 


PROTO EXPRESS 


Simple, personal 
device programming 
makes device selection and programming 
fast and easy with its Windows”-like user interface 
Extensive on-line help 
Programs more than 2000 PLDs, PROMs, 
EPROMs, EEPROMs, and MCUs 
$895 (32-pin version) or $1495 (48-pin version) 
To order call: 
Authorized Distributors 
JDR Microdevices 1-800-538-5000 
Promark Technology West 1-800-227-3345 
or call: 
Data I/O Corporation 1-800-332-8246 Ext. 904 


DATA 1/0 CIRCLE 401 


C-Programmable Controllers | 
Use our controller as the brains of your next | 
control, test or data acquisition project. From | 
$149 qty one. Features 1/0 to 400 lines, ADC, DAC, | 
- RS232/RS485, printer port, battery-backed clock | 


and RAM, keypads, LCDs, enclosures and more! 
Our simple, yet powerful, Dynamic C™ makes 
- programming a snap! 

| 24-Hr AutoFAax: 1724 Picasso 

916.753.0618. Davis, CA 95616 


Call from your FAX. 916.757.3737 
Request catalog 18. 916.753.5141 FAX 


Z-WORLD ENGINEERING 


WO) 9 BD, 


ENGINEERING 


CIRCLE 407 


Ispec 


~~ s * os 
Capabilities 
* Buried & Blind Vias 
* Polyimide Multilayer 
* Full body & bondable gold 
« Carbon Paste 
* Tin nickel burn-in boards 
| * SMT - SMOBC 
* Up to 22 layers 
* Impedance control boards 


| © UL listed 


j 


Vio: 


DISCOUN 
VIOUUU 


12 layers aie 


BY, =" CREDIT CARD 
/@ EE] SALES 


Call Ken Bahl 


1108 West Evelyn Avenue 
Sunnyvale, California 94086 


PHONE: 408/735-7137 
FAX: 408/735-1408 
MODEM: 408/735-9842 
CIRCLE 403 


LECTRONIC 
ESIGN 


New Products/Services 
Presented By The Manufacturer. 
To Advertise, 

Call Kimberly A. Stanger 
At 201/393-6080 





PILOT-U84 Universal Programmer 


#1 in New Device Support & Expandability | 


Altera 7064,7128,7160,7192 in 84-, 100- and 160-pin packages 


Xilinx 1765D,17128 etc Intel FLEX, 87C196 KC,KD,JR,MC etc. | 
Moto 68HC711, 68HC705, WSI PSD-3XX,-4XX,-5XX,PAC,SAM | 


Atmel 29C040, ATF22V10 etc. AMD MACH435, 29F040, etc 
Lattice pLSI-1000,2000,-3000, Microchip PIC micros 

All packages to 256-pin: PLCC,PGA,QFP, TQFP,TSOP,SOIC 

800-627-2456 FAX: (408) 736-2503, Sunnyvale,CA. 

ADVIN 





CIRCLE 400 | 


12-Bit 
Resolutio 


60 Megasamples 
Per Second 






DA60 Waveform Digitizer Boar 


We Supply Solutions! Ca 
to discuss your application 
with one of our engineers. 


e 2 channels at 30 MSPS 
or single channel 


at 60 MSPS 
¢ 512k sample memory 
© 30MHz bandwidth 
¢ ISA compatible board 
¢ Price: $4900.00 


355 N. Shendan Ste # 
Corona, CA 91720 US 
(909) 734-3001 

Fax: (909) 734-4356 













- SIGNATEC, INC. 


CIRCLE | 


FREE! 


120 
Page 
Catalog 


“Optics 
for 
Industry’ 


ROLYN OPTICS supplies all types of “Off-th 
Shelf” optical components. Lenses, prisms, mi 
rors, irises, microscope objectives & eyepiece 
plus hundreds of others. All from stock. Roly 
also supplies custom products & coatings in prc 
totype or production quantities. Write or call fc 
our free 120 page catalog cnet e products « 
listing off-the-shelf prices. ROLYN OPTICS CO 
706 Arrowgrand Circle, Covina, CA 91722 
(818) 915-5707 & (818) 915-5717. 

FAX: (818) 915-1379. 


” ROLYN OPTICS CIRCLE 4 


RELIABILITY PREDICTION | 
SOFTWARE 


ARE YOUR PRODUCTS RELIABLE? 


The RelCalc 2 Software Package automates the 
reliability prediction procedure of MIL-HDBK: 
217, or Bellcore, allowing quick and easy 
reliability analysis of electronic products on 
your PC. Say goodbye to tedious, time consum- 
ing, and error prone manual methods! 


=» NEW UPDATE! VERSION 3.1 now available. 
= User friendly: pop-up menus, hypertext help. 
= Very easy to learn and use; quick data entry. 

= Part library for rapid recall of part data. 

® Global editing functions for what-if? trials. 

® Reports which clearly organize results. 

= Save time & money as you design for quality. 
= Try our Demo Package today for $25. 


T-Cubed Systems, 31220 La Baya Drive, 
Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 
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2re’s all you have to do: 


Send a B/W or 4C glossy photo. 


Include 13 lines of copy. 
(37 characters per line) 


Write a headline of 32 characters or less. 


le do all the rest. 
oO production charges. 


/e also accept camera-ready art. 
d size 23/16” wide X 3” deep. 
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NON-INDUCTIVE BULK 
CERAMIC RESISTORS HANDLE 
LARGE AMOUNTS OF POWER 
IN A SMALL SPACE. 


Globar® Type SP Non-Inductive Bulk Ceramic 
Resistors from CESIWID outperform conventional 
wire-wound and film resistors under short-term 
overload and transient conditions. They are suit- 
able for dummy load, snubber and current limit 
circuits. Type SP resistors are available in many 
shapes and terminations and custom products 
are available to meet specific requirements. 


Address inquiries to: 
GARY INNOCENTI 
CESIWID Inc., Globar® Division 
P.O Box 339 Niagara Falls, NY14302-0339 
716/286-7610 ¢ Fax: 716/286-7601 


CESIWID, INC. CIRCLE 408 








Ve look for church organists 
with typing experience! 





Turn your excess inventory into a 
substantial tax break and help 
send needy kids to college as well. 


Call for your free guide to learn how 
donating your slow moving inventory can. 
mean a generous tax write off for your company. 


Call (708) 690-0010 
Peter Roskam 
Executive Director 





P.O. Box 3021, Glen Ellyn, IL 60138 
FAX (708) 690-0565 


Excess inventory today...student opportunity tomorrow 





EMPLOYMENT OPPORTUNITIES 


E-Systems, ECI Division, located in St. Petersburg, FL, 
designs, develops, and produces a variety of communica- 
tions systems for air, land, sea and space applications. We 
have attained our leading position in the industry through 
the excellence of our products and people. 


SYSTEMS ENGINEER 


e BSEE required, MSEE preferred 

e At least 10 years’ experience 

¢ Combat/weapon systems integration 

e Detection, decision and engagement logic/ 
integration 

e Data fusion/track management 

e Digital communications systems networking 
control algorithm development 


DIGITAL HARDWARE 
ENGINEER 


¢ BSEE required, MSEE preferred 

e At least 3 years’ experience 

e Design, develop high speed digital equipment 

¢ Knowledge of VME, microprocessors, PALs 
and FPGAs 

e CADENCE VHDL design tools 

¢ Digital signal processing 


MECHANICAL ENGINEER 


¢ BSME required, MSME preferred 

e At least 5 years’ experience 

e Military electronics packaging in a CAD environment 

e Thermal, vibration analysis, environmental design of 
advanced military communications systems 

e PRO-Engineer, SDRC, RASNA, ANSYS 


MAINTAINABILITY/ 
TESTABILITY ENGINEER 


¢ BSEE and at least 5 years’ experience 

e Architecture, design, development support for military 
systems and subsystems 

e Analysis and BIT design using manual tools (FOM, 
FMECA) and automated tools (WSTA) 

¢ Generation of test requirements documents and test 
program sets using LEXSYS and PAWS 


Qualified candidates should forward a resume 
and salary history to: Manager of Staffing, E-Systems, Inc., ECI 
Division, P.O. Box 12248, St. Petersburg, FL 33733-2248. 


= E-SYSTEMS 


The science of systems. 





U.S. Citizenship Required. 
An Equal Opportunity Employer, M/ED,V. 





MICROELECTRONICS 


Specializing In Your Needs 
ae) a @)V(:) a4: (<3: | a 


For over 28 years Bruce Rafey Associates 
has specialized in meeting the recruitment 
and placement needs of the semiconductor 
industry and its equipment and material 
suppliers. As the first company to offer ser- 
vices of this type, we are an industry leader 
with a solid reputation of excellence and 
success. And, by building strong and lasting 
relationships with some of the world's 
finest large and small microelectronic 
firms, we are one of the most widely emu- 
lated companies of our kind. 


MANAGERS 


VP Sales-Mixed Signal ICs -CA $150K+ 
App! Mgr-Mixed Signal ICs - CA $120K+ 
Dir of Mrg Operations - Analog ICs- N.E. $120K+ 
Wafer Fab Mgr - ICs - S.W. $60-80K 
Foundry Mgr N.E. $60-80K 
Process Dev] Mgr - Analog ICs -N.E. $70-90K 
Equip Maint Mgrs - S.W. $65-75K 
Proc Sec Head (2) Thin Film/Photo- AZ $60-80K 
Proc Sect Head - Diffusion - N.E. $60-80K 
Prod Engr Mgr (2)-Analog ICs-N.E./AZ $60-80K 
Prod Supervisor EEPROMS - CA $60-70K 


ENGINEERING 


Proc Engrs-Sub CMOS - Bay Area $45-75K 
Proc Dev] Engr - BICMOS $40-75K 
Proc Sust - Many - 

Diff/EPI/Photo/Etch/PVD/CVD $40-75K 
Yield Enhancement Engr-N.E. $50-75K 
Prod Engr-CMOS/Mapra-N.E./AZ/TX  $50-75K 
Product Engr - Analog IC - Many $50-75K 
Test Engr - LTX/Trillium/Sentry/HP $50-75K 
QA Reliability & FA Engrs -EC/WC/SW_ $50-75K 
Equip Maint Techs & Supvsrs - Many $40-75K 


DESIGN 


ASIC Design - N.E./S.W. - Many $45-70K 
Custom CMOS/VLSI Design - N.E./TX $45-75K 
Analog/Mixed Signal Design -Many $45-75K 
Chip Layout Design - E.C./W.C./S.W. $40-55K 
Design Verification Engr - E.C./W.C. $50-70K 
Design Engr - EEPROMS - S.W./CA $50-70K 
Fab Equip Design Engr - E.C./W.C. $50-75K 


MARKETING 


Mktg Mgr - Analog ICs- N.E. $80-100K 
Far East Mktg Mgr - Microcontrllrs- AZ $70-90K 
West Coast Equip Sales Mgr-Vacuum $80-90K 
Vacuum Equipment Mktg Mgr - N.E. $60-70K 
Fab Equip Sales - Many/Nationwide $50-70K 
Applications Engr -Wireless/Video $50-70K 
IC Product Mktg Engr - Many $45-65K 
Prod Mkg Engr - Analog Power ICs $45-65K 
Fab Equip Field Services Engrs- Many  $35-50K 


This is merely a sample of fee paid nationwide oppor- 
tunities. Please send/fax your resume to Bruce Rafey 
Associates, P.O. Box 510, Dept. ED905, Lynn, MA 
01903, FAX (617) 599-6849 or call us collect at (617) 
581-3373. 


y N BRUCE RAFEY Assoc 


Member National Personnel Associates 








BUSINESS SERVICES EMPLOYMENT OPPORTUNITIES 


Our clients are searching for new 
electronic products to bring onto the 
market; patented or patentable for 
licensing or purchase. 


Send synopsis or description to: 


LRN Associates 
6821 Vianda Court 
Carlsbad, CA 92009 
Attn: Innov. Eng. 


Your reply will be held in confidence; 
no proprietary information, please. 
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SS A ELE: 


200,000 WALL 
TRANSFORNERS 
7.5 VDC.... 

12 vDC.... 

12 VDC.... 

12 VDC.... 

14 VAC.... 

16 VAC....1.25A 

: Min 1000/type - - Call for other types 

‘ ‘ 
SURPLUS TRADERS 
PO Box 276, 

Alburg, Vt. O5440 

Tel: 514-739-9328 

Fax: 514-345-8303 


ANY LOOSE 
ENDS. 


Advertise in 
the 
Penton 
Classifieds! 


For information 
contact: 
Lois Walsh 
(216) 696-7000 
ext.2359 
or 
FAX: 
«(216) 696-8207 


By advancing wireless 
communications, 
you can connect with a 


challenging future. 


At Hewlett-Packard in Spokane, 
Washington, we're creating the most 
advanced test instruments and related 
equipment for the wireless communi- 
cations industry. Our product and 
technology development initiatives 
offer a growing variety of professional 
challenges. But more than that, our 
Spokane location provides just as 
much variety for a great life away 
from work. 


In this growing community, you'll find 
a wealth of cultural options to enrich 
your life. In addition, our spectacular 
natural setting affords every recre- 
ational activity imaginable. If you’d 
like to contribute to the richness of 
our organization and our community, 
consider the following openings: 


Technical Manual 

Design Engineer 

Work within a team environment to 
design and implement technical docu- 
mentation and learning aids for RF 
instrumentation used in the testing of 
cellular phones and base stations. 
Responsible for profiling users, ana- 
lyzing user tasks and developing man- 
ual contents, on-line help and other 
media that the user may require. 
Requires a BSEE or equivalent, and 
experience with RF communications 
and technical documentation design. 
Ad #0720 


Hardware Design Engineer 


Develop new measurement tech- 
niques and digital signal processing 
(DSP) algorithms and code to mea- 
sure the quality of modulated signals 
and to demodulate the signals in real- 
time. In addition, you will implement 
the algorithms as code for embedded 
DSP and/or digital hardware, going 
from requirements definition through 
system integration and into produc- 
tion. Requires a BSEE with course 
work or experience in both DSP and 
communication theory. Ad #0721 


Digital Hardware 

Design Engineer 

You will be responsible for a variety of 
digital ASIC designs and participate in 
system architecture definition. The 
primary focus is on CMOS gate 

array design and development from 
requirements definition through 
system integration and into-produc- 
tion. May also include high-speed 
digital PC board design. Requires a 
BSEE or equivalent, and at least 3 
years’ digital ASIC design, experience 
with design capture, simulation, testa- 
bility analysis and development and 
silicon verification. Ad #0722 


Applications Engineer 

You will contribute hardware designs 
in a broad span of analog technologies 
as well as bring customers’ radio test 
needs together with instrumentation 
solutions. In addition, define and 
develop necessary software that com- 
pletes the solution by controlling HP 
products and interfacing with cus- 
tomers’ systems. Learn test method- 
ologies and RF protocol standards for 
wireless communication systems. 
Requires a BSEE or equivalent, and 
familiarity with radio communica- 
tions. Ad #0723 


Software Design Engineer 


Develop firmware for embedded sys- 
tem applications as well as assist in 
product definition. Perform detailed 
analysis and design of instrument 
firmware and implement firmware in 
C, C++ in a UNIX*-based environ- 
ment, and test, maintain and extend 
the code. Tool/process development 
and support may be included. 
Requires a BSCS, BSEE with heavy 
CS emphasis, or equivalent, and expe- 
rience with UNIX, C, and/or C++. 

Ad #0724 


Hardware 
Engineer/Scientist 

Study and develop new measurement 
techniques and develop digital signal 
processing (DSP) algorithms and 
code to measure the quality of modu- 
lated signals and to demodulate the 
signals in real-time. You will assist 
other engineers in understanding the 
algorithms so they may implement 
algorithms in code and/or hardware. 
You will also research and propose 
ways to address future customer 
needs in innovative ways that give HP 
significant competitive advantage. 
Requires a PhD and experience in 
Digital Communications Theory with 
a concentration in DSP. Ad #0719 


For immediate consideration, please 
send your resume to: Hewlett-Packard 
Company, Attn: Site Staffing/ 
(please indicate ad number of the 
position you are applying for), 
24001 East Mission Avenue, 
Liberty Lake, WA 99019-9599. 
Hewlett-Packard Company is an equal 
opportunity employer dedicated to affir- 
mative action and work force diversity. 


*UNIX is a registered trademark of UNIX 
System Laboratories, Inc. 
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DESIGN 


ChairmanandCEO: Sal F. Marino 
PresidentandCOO: Daniel J. Ramella 
President ElectronicsGroup: James D. Atherton 


Advertising Sales Staff 


Publisher: John R. Carroll 

Hasbrouck Heights, NJ; (201) 393-6060 
NationaSalesManager: Russ Gerches 

Hasbrouck Heights, NJ; (201) 393-6045 
GeneralManager,EuropeanOperations: John Allen 
36 The Green, South Bar Banbury, Oxford 0X16 9AE, 
U.K. Phone: 44 (0)295-271003FAX: 44 (0)295-272801 
HasbroucHeights: Judith L. Miller, Jami Radow 
Sales Asst.:Tina Edwards 

611 Route #46 West, Hasbrouck Heights, NJ 07604; 
Phone: (201) 393-6060TWX: 710-990-5071 

Boston& KasternCanada: Ric Wasley 

400 Fifth Ave., Waltham, MA 02154; 

Phone: (617) 890-0891 FAX: (617) 890-6131 
Colorado:Lou Demeter (408) 441-0550 
Chicago/Midwest:Mark Kearney 

Sales Assistant: Susan Johnson 

180 N. Stetson Ave., Suite 2525 Chicago, IL 60601; 
(312) 861-0880 FAX: (312) 861-0874 
Arizona:James Theriault (408) 441-0550 
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Direct Connection Ads Sales Representatives: 

Kim Stanger (201) 393-6080 
Recruitment/ClassifiedLois Walsh 
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10 Rue St. Jean 75017 Paris France 

Phone: 33-142940244 FAX: 33-143872729 
Spain/Portugal:Francoise Schmitt 

Publi Schmitt General Yague 8, 

Apt. 4C, 28020 Madrid, Spain 

Phone: 34-1-5554208 FAX: 34-1-5551450 
Scandinavia: Paul Barrett 

I.M.P. Hartswood Media, 

Portfolio Business Centre 

161-165 Greenwich High Road, 

London SE10 8JA, U.K. 

Phone: 44-81-293-0380 FAX: 44-81-858-9584 
Germany,Austria,Switzerland:Friedrich Anacker 
InterMedia Partners GmbH 

Deutscher Ring 40, 42327 Wuppertal, Germany 
Phone: 49 202 711 091 Fax: 49 202 712 431 

Hong Kong: Tom Gorman, 

China Consultant Intl. 

Guardian Hse, Ste 905 

32 Oi Kwan Road, Happy Valley, Hong Kong 

Phone: 852 833 2181FAX: 852 834 5620 
Israel:Igal Elan, Elan Marketing Group 

22 Daphna St., Tel Aviv, Israel 

Phone: 972-3-6952967 FAX: 972-3-268020 

Toll Free in Israel only: 177-022-1331 

Italy: Cesare Casiraghi, Casiraghi Cesare, S.A.S. 

Via Cardano 81, 22100 Como, Italy 

Phone: 39 31 536 003 FAX: 39 31 536 007 
Japan:Hirokazu Morita, 

Japan Advertising Communications 

Shiba NK Building 

3-22-7 Shiba, Minato-ku, Tokyo 105, Japan 

Phone: 81-3-5476-0711 Fax: 81 3 5476 0794 

Korea: Young Sang Jo, Business Communications Inc. 
K.P.0. Box 1916, Midopa Building 146, Dangju-Dong, 
Chongo-Ku, Seoul, Korea 

Phone: 011-82-2-739-7840 FAX: 011-82-2-732-3662 
TaiwanDaniel Cheng, Vice President 

Ken Kieke, Managing Editor United Design & Publica- 
tions, Inc. No. 311 Nanking E. Rd., Sec. 3, 8th Floor 
Taipei, Taiwan R.O.C. 

Phone: 011-886-2-7184407 FAX: 011-886-2-7125591 
United Kingdom: John Maycock 

Huttons Buildings, 146 West St. Sheffield, England S14ES 
Phone: 44 742 759 186 44 742 781 650 
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. 5KHz-8GHz AMPLIFIERS 


(3 Piece Set) 





Expand laboratory capabilities and put a full spectrum of power 

at your fingertios with Mini-Circuits 2.5KHz to GHz medium 

power amplifier set. Each ultra-wideband set contains three 

individual heat sinked RF amplifiers with at least +20dBm output 

. and overlapping frequency response range capabilities ; 2.5KHZ 

to 5OOMHz, 10MHZz to 4.2GHz and 2GHz to 8GHz. Applications 

$1095 ee for these amplifiers include increasing the signal levels to power 

inl +20dBm Power Output, 20dB Gain meters, spectrum analyzers, frequency counters and network 
analyzers as well as boosting signal generator outputs. 





— aa paul eee ae ad = Aas You can buy these amplifiers individually at Mini-Circuits already 
req. | O Urren onn. nce ' ; 
ode (MHz) (dB) Compression V mA Type (1-9aty) [OW prices, or own the full spectrum set for the money saving 
ZHL-6A 0025-50021 +23 424 350 BNC 199 price of only $1095 (1-9 aty.) | To order trom stock with a guarantee 
ZHL-1042J 10-4200 25 +20 +15 330 SMA = 495 to ship within one week, call Mini-Circuits today |! ( 

ZRON-8G 2000-8000 20 +20 +415 310 SMA 495 

Set of 3 Amplifiers # KZHL-318: $1095 (1-9 qty.) Mini-Circuits...we’re redefining what VALUE is all about! 





P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 
" detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY ¢ EEM ¢ MINI-CIRCUITS’ 740- pg. HANDBOOK. 
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. 
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v1) LNJHYNOD AlddNs 


Gf 4 
aes 
oOo Oo 6 
Oo -@ fw | 
Bea?” . 
£&2 89 
5 8 @ = = 
o = - & 
ma © ~ oO 
O MPA om CO 
3 , oo OS 
Oo eo - 
= £& OOD 
ofc — Oo 
ca i = 
Ooo Oo 8 
OAD 2% & BZ 
1 c 
oO 

So mm” S 
GSU Y 
sfsQe 
5 oO <ag 
= =. . 
~~ FT NHR yg 
Bees 
6a8 6G 


1 
© 
pes) cB) 8) 
> £3038 
Me — © c. 
CO. aeo80 
e4¢ekeac 
a oa — 
woes 
cB) ~ A 
SS 1) Oy 
5 ees 
a om oU & 
A542 = o 
eo -eeas 
Boe 2 
ae 26 aes 
Pee - eee 
—7~eaeznre~. 
5 Se Se 
= = 0 OB a 
Css eS oS. 
Oo a el es 


v 


q 
— 
nh 
Se 
La} 
ie 
Hi 


Ey 
A 


You can solve these problems 


with the industry's smallest, lowest 
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And for 3V systems 
LTC1285 and LTC1288 offer the 
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TECRHINOLOGY 


FROM YOUR MIND TO YOUR MARKET 
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